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Word of the coordinator

In 2011, when 6 European Distribution System Operators (DSOs) supported the formation of a GRID4EU 
consortium composed by 27 organizations, and launched this project, never a Smart Grids project in 
Europe gathered so much expertise and know-how. The promise of preparing, at this scale and scope, 
answers to the changing situations in the field of electricity distribution expected by 2020 and beyond 
thrilled all stakeholders.

We are delighted to present in this report 
the GRID4EU final results. Within specific 
boundary conditions, implementing new 
applications like Automatic Grid Recovery 
to better serve customers, carrying out 
controlled islandings lasting more than 4 
hours to test grid resiliency or setting up new 
architectures for grid monitoring and control 
to better serve customers, are technical 
successes. We are all proud of them. These 
achievements enabled our research to 
be disseminated in the most prestigious 

publications and events. Beyond it, GRID4EU has even been recognized in 2015 by the International 
Smart Grid Action Network (ISGAN) as the best worldwide example of Excellence in Smart Grids for 
Renewable Energy Integration.

Nevertheless, this should not conceal the 51-months journey made of previously unseen challenges 
and learnings that not only gave more perspectives to GRID4EU participants in realizing the grid of 
tomorrow but also provided a concrete rationale backing the decisions of grid developments in Europe. 
GRID4EU members all gained in maturity on how to continue to fulfill their role tomorrow. In particular, 
we proved that European DSOs will be able by 
2020 at the latest to:

• Better facilitate and support market develop-
ments enabled by innovations concerning 
demand response, distribution control cen-
ter, data management or distributed genera-
tion;

• Continue ensuring quality and security of 
supply through new solutions based on the 
TSO/DSO coordination, enhanced HV/MV 
Network Management and enhanced LV 
Network Monitoring.

Most importantly, as we also reinforced the 
belief that Smart Grids is a human journey, GRID4EU strived to highlight the ability of a wide range of 
stakeholders (customers, local authorities, research organizations, manufacturers, DSOs, etc.) to foster 
the grid of the future by speaking a “common language”.

Rémy GARAUDE VERDIER
GRID4EU Coordinator

Introduction by the project officer from the European 
Commission GRID4EU Final Event (January 19, 2016).

Introduction by the project Coordinator 
GRID4EU Final Event (January 19, 2016).
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   GRID4EU in figures

27 organisations from  15 countries working together during 51 months

6 Electricity Distribution System Operators covering altogether 

more than 50% of metered electricity customers in Europe 

€ 54 million of total eligible costs and € 25.5 million of requested grant

An average of 70 full-time employees making 19 use cases happen 

6 demonstrators in 6 different European countries serving  275,000 consumers 

Participation in 156 events all over the world (around 3 events per month) 

More than 22,000 different visitors of the GRID4EU website 

  Projects partners
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   Where to find us ?

Visit our website: www.gridd4eu.eu

Subscribe to the GRID4EU newsletter:
http://www.grid4eu.eu/common/newsletter-subscriber.aspx

Follow us on social media:
Follow on Twitter: twitter.com/Grid4EU

Join on Linkedin: 
http://www.linkedin.com/groups/Grid4EU-4799216/about

CORDIS page: http://cordis.europa.eu/project/rcn/103637_en.html

This project has received funding from the European Union’s Seventh Framework Programme for research, technological development  
and demonstration under grant agreement n° 268206.

CO - FUNDED BY
THE EUROPEAN UNION

  Project timeline

Definition and publication
of technical specifications

Installation of the equipment
for each demonstrator

Test of the demonstrators/exploitation
of data and functionalities

Return on Experience, projections
and replication of results

Project kick-o�
Nov 2011

‘ 11 ‘ 16

Oct 2012
Submission of
deliverables

Oct 2014
Submission of
deliverables

Oct 2013
Submission of
deliverables

Jan 2016
Submission of
deliverables

Project Final Event
Jan 2016

2011 2012 2013 2014 2015 2016
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   Executive summary

  What is GRID4EU?

Designed in response to a call for projects from the European Commission1, GRID4EU is a Large-Scale 
Demonstration of Advanced Smart Grid Solutions with wide Replication and Scalability Potential for 
EUROPE. The project was led by six electricity Distribution System Operators (DSOs)2 from Germany, 
Sweden, Spain, Italy, Czech Republic and France, in close partnership with a set of major electricity 
retailers, manufacturers and research organizations. As a whole, the consortium gathers 27 partners. 

GRID4EU consisted of six Demonstrators, which were tested over a period of 51 months in six 
different European countries. The project strived at fostering complementarities between these 
Demonstrators, promoting transversal research and sharing results between the different partners as 
well as with the wider Smart Grids community. A brief description of the six GRID4EU Demonstrators 
is provided in the figure below: 

1. The GRID4EU project has received funding from the European Union’s Seventh Framework Programme for research, 
technological development and demonstration under grant agreement n°268206.
2. The six DSOs are RWE, Vattenfall, Iberdrola Distribucion, Enel Distribuzione, CEZ Distribuce and ERDF. ERDF is the 
Coordinator of the project, while Enel Distribuzione is the Technical Director and Iberdrola Distribución the Chairman 
of the General Assembly.

Development of a monitoring
system of low voltage network
based on AMI infrastructure and
intelligent equipments in
secondary substations

Improvement of surveillance
and advanced control

of medium voltage grid
based on an Autonomous

Switching System

Automation of low voltage
and medium voltage grid,
including the monitoring

of influence of EV
on distribution network

and power quality
measurement, and
islanding operation

Optimisation of PV integration 
and reduction of the peak load 
into the low voltage grid, 
by using PV and load forecasts, 
flexible loads, electric storage, 
islanding and active 
customer participation

Enhancement of MV 
and LV networks automation 
and awareness of customers 
about their consumption 
and the network situation

Implementation
of an advanced control system

to increase hosting capacity
and maximise the integration

of distributed renewable
energy sources in the medium

voltage network
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Five General Work Packages support the six Demonstrators to facilitate dynamic knowledge 
sharing, technical assistance and coordination. In particular, a way to analyze cost and benefits and 
validate technical solutions for all components, while participating to standards definition, has been 
implemented. Additionally, the project studied how to deploy the model at DSO scale (scalability) and 
then to spread it to other DSOs (replicability). As the DSOs involved in the project cover more than 
50% of the metered customers in the European Union, the scaling-up and replication of the results 
obtained help contribute efficiently to reaching the EU 2030 energy targets. 

  Innovative approaches tested in GRID4EU

The project aimed at testing innovative concepts and technologies in real-size environments, in order 
to highlight and help remove barriers to the deployment of Smart Grids in Europe. It focused on how 
DSOs can dynamically manage electricity supply and demand. The main topics addressed by the 
project are:

• The improvement of MV and LV network automation technologies to face the constraints introduced 
by the increased amount of DER and new usages (e.g. electric vehicles, heat pumps) to reduce 
energy losses and maintain or increase quality of supply;

• The optimized and smooth integration of an increased number of small- and medium-sized DER 
(photovoltaic, wind, combined heat and power, heat pump and direct or indirect storage);

• The balancing of intermittent energy sources (including better prediction) with demand response, 
and different storage technologies and services;

• The assessment of islanding as a solution to increase the grid reliability;

• The increasing use of active demand including the potential future developments of new usages 
and evolving customers’ behaviours.
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In particular, outcomes displayed in the table below have been measured.

Reduction/
management 

of energy 
losses

Reduction of 
fault awareness, 
localization and 

isolation time

Increase 
of network 

hosting 
capacity

Improvement 
of voltage

control

Operation 
in 

islanding 
mode

Enablement 
of active 
customer 

participation

German 
Demonstrator 
(moderate 
climate and 
semi-urban area)

Through an Automatic Switching System enabling MV grid 
reconfiguration and dedicated algorithms

Swedish 
Demonstrator
(cold and 
stormy climate 
and urban area)

Detection of fault 
events by both 

RTUs in secondary 
substations and 
smart meters 

(reducing fault 
awareness time)

Spanish 
Demonstrator
(mild climate 
and urban area)

By enhancing 
the 

localisation 
of fraud

Through automatic 
failure detection 
and automatic 
grid recovery

To promote 
more 

responsible 
and efficient 

energy 
consumption 

behaviour

Italian 
Demonstrator
(dry climate 
and rural- 
semi urban area)

Through the 
advanced 

control of the 
HV/MV OLTC, 

reactive 
power of 

controllable 
Distributed 
Generation 
units and 

storage at MV 
grid level

Through the advanced 
control of the HV/MV OLTC, 

reactive power of controllable 
Distributed Generation 
units and grid storage 

at MV grid level

Czech 
Demonstrator
(cold climate 
and semi-urban 
area)

Through 
network 

automation, 
local power 

generation in 
a CHP

Through automated 
localisation of fault 

and automated 
network 

reconfiguration

Through Volt-var control 
of a CHP and PV generators

With 
a CHP unit 
following 
standards 
given by 

EN 50160

French 
Demonstrator
(warm and 
stormy climate 
and semi-urban/
urban area)

Through the advanced 
control of the HV/MV OLTC, 
grid storage and residential 

flexibilities

With PV 
panels and 

storage 
batteries

To shift load 
in summer 

during periods 
of high PV 

generation and 
shed peak load 

in winter
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  Results

1 Solutions related to voltage and load control are beneficial resources to increase network 
hosting capacity in European distribution grids.

The advanced control of On Load Tap Changer at MV level in the Italian Demonstrator and at MV/LV 
level in the French Demonstrator is a major resource for increasing the Hosting Capacity (even the 
most beneficial one tested in the Italian Demonstrator where it has been increased by up to more 
than 50% in a specific experimentation). But, it is useful to highlight that an OLTC only acts on voltage 
constraints, not on power constraints. Also, in case of voltage imbalances due to the presence of 
“active” (i.e. Pgen >> Load) and “passive” (i.e. Load >> Pgen) MV feeders connected to the same HV/
MV substation’s bus-bar, the action of the On Load Tap Changer can be ineffective thus, requiring the 
introduction of the control of DERs connected along the feeders (e.g. distributed generators, storage 
systems, etc).

Indeed, volt-var control of distributed generators in MV grids tested in the Italian and Czech 
Demonstrators is a cost effective way for a smoother DER integration.

The grid reconfiguration approach tested in the German Demonstrator also presents a high potential 
for increasing network hosting capacity (+17% in the case of the German Demonstrator). Nevertheless, 
it seems to require the use of circuit breakers because typical standard load breakers used in secondary 
substations do not allow the needed high numbers of switching operations during their lifetime.

For scaling-up and replicating, the impact on network hosting capacity of solutions enabling load 
and/or voltage control depends greatly on the characteristics of distribution network (feeder length, 
R/X ratio and topology) and the location of the DG units. Generally, replicating and upscaling these 
Use Cases should focus on potentially problematic areas and those where the penetration of DG is 
expected to be greater. Nevertheless, most unfavourable scenarios are: 
• Long overhead lines in rural areas;
• Large DG units concentrated at the end of feeders.

2 The Scalability and Replicability Analyses performed in GRID4EU also point out that the 
interaction of Distributed Generation (DG) and demand curves is a key aspect to increase 
network hosting capacity. While this aspect depends mainly on the type of consumers and 
Distributed Generation technology, energy storage and flexible demand can help increase 
network hosting capacity.

Indeed, grid storage tested at MV level in the Italian Demonstrator and at LV level in the French 
Demonstrators is, when correctly sized, able to contribute effectively to voltage regulation and grid 
power flow control and thus increase network hosting capacity. Moreover, this tool turns out to 
be easy-to-use and programmable. Nevertheless, it is still too expensive when it is used only for 
distribution service. Moreover, the standards for installation and safety of this new technology are in 
the process to be defined. 

Residential flexibilities tested in the French Demonstrator tend to be more diffuse and variable than 
grid flexibilities.

For example, while the load shifted by participating residential consumers is significant at individual 
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level (33% of load shifted during “solar hours” by participant), the overall effect on the solar districts’ 
grids is rather low (5% consumption shifted by residential consumers in the 6 solar districts). The 
activation of the flexibilities at all distributed residential producers has a more significant impact on 
the LV profile. 

In all cases, an important variability of the client’s response from one day to another can be observed.

3 The scale of residential and industrial flexibilities is inherent to the local customer engagement 
level. The SRA studies show that the customer engagement level is strongly related to the 
local context. The rather high recruitment and commitment levels (in comparison to other 
pilot projects) reached in GRID4EU may not be scalable.

In the Spanish and French Demonstrators, two-digit recruitment rates have been secured.

Beyond the willingness to decrease the bill, the opportunities to act in favour of the environment 
and to contribute to improving the security of supply turned out to be major drivers. In the Spanish 
Demonstrator, around 80% of the participants in the Customer Engagement programme changed 
their consumption habits. 

Despite significant response levels, in Demonstrators, no significant overall energy reduction, and 
therefore bill reduction, has been perceived when participants were provided with instructions to 
consume efficiently. The Use Case of the French Demonstrator aiming at reducing peak demand in 
the winter had for result a slight reduction equivalent to 2.5% of the local area global consumption. 
Efforts from 220 residential participants account for 5% of the reduction while efforts from 12 industrial 
participants account for the of the reduction (the remaining share is ensured by electric storage units 
and modulation of public lighting). 

In terms of engagement, customers tend to be more active at the beginning of the programme. For 
example, 65% of customers in the Spanish Demonstrator had stated that they looked at the In-Home 
Display (IHD) more than once a day at the beginning of the experimentation, while, on the long 
term, only 30% used the IHD daily. Business customers in the French Demonstrator showed a high 
level of engagement. Indeed, the French Demonstrator was part of the “green plan” as well as the 
communication plan of most of BtoB participants. Yet, demand response not always matched with 
the planning of processes of factories’ organisations.

4 One of the main drivers to increase customer satisfaction is to decrease the duration of 
outages. GRID4EU demonstrated that fault localisation and restoration time can be further 
reduced in Europe through more automation at MV and LV levels. 

The enhanced observability of the LV grid, enabled in the Swedish and Spanish Demonstrators, is 
the first step towards grid automation. Indeed, a large number of events and alarms arriving at the 
dispatching centre makes the implementation of smart solutions necessary to associate them to the 
cause of problem. 

In the Spanish Demonstrator, the “LV Smart Meter Line Detection System” performs cross-checked 
inventory allowing the detection of errors in the database.

In Sweden, on the one hand, the very significant improvements on the identification of outages have 
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a potential positive effect on SAIDI (from 5 to 12%3). In the future, power quality events from Smart 
Meters will support LV network monitoring and Power Quality analysis with additional valuable input, 
supplementing the received information from the RTU in SCADA and LV DMS. On the other hand, the 
technical solution deployed in Sweden detects only 30% of outages in the MV grid and 13% of outages 
in the LV grid. The solution has a potential to be improved in order to include a larger portion of the 
faults that can be detected.

The grid automation, in particular at MV level, has a very significant impact on frequency and duration 
of interruptions. 

The German Demonstrator shows that the Autonomous Switching System providing a dynamic 
topology reconfiguration of the MV grid has the potential to divide by two the time of fault localisation, 
isolation and restoration in simulations. 

The automated failure management solutions in MV grids tested in the Spanish and Czech 
Demonstrators have a potential to improve SAIDI (e.g. the percentage reduction in time required 
for fault localization and isolation of failure amounted, according to the simulation tests of the 
Czech Demonstrator, 85%). Further enhancements have been reached in GRID4EU. In the Spanish 
Demonstrator, for example, a detailed field study of the MV-BPL signal allowed to reduce the guard 
distance between two MV-BPL cells: from 2000m (estimated in previous pilots) to 900m, and from 
1500m to 700m depending on the band of frequency.

The Automatic failure management at LV level also tested in the Czech Demonstrator is technically 
possible and could reduce SAIFI and SAIDI but is not yet cost effective in many cases.

In all cases, additional components (e.g. monitoring equipment and remote controlled switchgear) 
result in possible additional sources of faults. 

In particular, the reliability of the end-to-end communication between devices (modules, control 
center, SCADA) in the German Demonstrator depends on the optimisation of antennas and modems 
and on the steady development of the RTU firmware. In the Spanish Demonstrator also, obsolete 
and old devices are an important obstacle to maximise the performance of Smart Grids solutions. In 
“non-perfect” environments, robust algorithms are required to ensure a proper operation. A balance 
between investment on assets and algorithm should be found. 

According to the Scalability & Replicability Analyses of GRID4EU, the improvement is much more 
relevant in:
• Networks with initially low level of automation because this effect tends to dilute beyond 20-40% 

automation;
• Networks with initially low levels of reliability;
• Meshed grids with high load densities. 

Scalability & Replicability Analyses of GRID4EU also show that MV automation may be prioritised over 
LV one because LV networks are less meshed and improvement affects a much lower number of 
consumers.

5 Automation at LV and MV levels also open up further levers to decrease energy losses.

Solutions dealing with the planning phase of the network, like the grid reconfiguration in the German 

3. This potential is only calculated to use the solution in rural network.
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Demonstrator, tend to very strongly decrease losses. It shows that the planning phase is a very 
important stage for the reduction of network losses.

During the operation phase, the losses can also be reduced, but the total amount depends on the 
available resources. On the one hand, the solution tested in the Italian Demonstrator, reducing losses 
thanks to the combined modulation of the bus-bar voltage and of the reactive power flow, also 
achieves a slight reduction of the losses. On the other hand, the use of storage systems (whose losses 
have been measured in the French Demonstrator) can also reduce network losses but it usually tends 
to increase the losses of the global system because of internal losses of the storage system.

6 For higher grid resiliency, it is technically feasible to operate the grid in islanding mode 
during more than 4 hours, with and also without rotating machines, while complying with 
strong requirements in terms of continuity of supply.

Two GRID4EU Demonstrators, the Czech and the French ones, successfully tested islanding. In 
the Czech Demonstrator, islanding has been performed with a CHP. In the French Demonstrator, 
the islanding has been performed without any rotating generator inside the islanding area (only PV 
generation and electric storage).

In both Demonstrators, two islanding processes have been successfully developed and implemented:

• Black start of island operation in case of failure in superior distribution grid (short power interruption 
for customers);

• Switch to island operation in case of failure in superior distribution grid (no power interruption for 
customers).

While SRA studies indicate that successful islanding is dependent on the size of the disturbance and 
the sizing of CHP or storage unit, islanding solutions tested in GRID4EU require a high technical 
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acumen and are expensive ones.

7 All Smart Grids systems rely very much on telecommunication systems. Therefore, it 
is important and necessary to foster “convergence” between electric distribution and 
communication infrastructures. 

At this stage, in terms of standards, the work package of GRID4EU showed that the maturity of the 
Smart Grids community tends to be high in the lowest layers of the Smart Grid Architecture Model 
and rather low in the highest layers. 

8 Smart Grids are not only technologies. The “human component” is of paramount importance.

Such a large-scale project like GRID4EU needed huge coordiantion efforts. 30 Technical Committee 
meetings took place within the 4 years of the project. Most of them were physical meetings because 
we experienced that they are more efficient and effective compared to the virtual meetings.

The great effort implemented during the first year of the project in order to have the same tools  (i.e. 
Smart Grids Architecture Model), to model processes and describe the implemented solutions in a 
similar way, allowed people from different Demonstrators to speak a “common language”, improving 
the knowledge sharing during the project. 
The active involvement from the beginning on of the users of the Smart Grids solution, whether they 
are partners’ workers or customers, is key to enable the appropriate execution of Smart Grids solutions. 

9 A multi-sites and multi-systems project is an asset for a large-scale dissemination.

The strong activity of GRID4EU in major events (CIRED, CIGRE, Distributech, CEPSI, European Utility 
Week, etc.), international workshops (for example with Indian stakeholders) as well as in international 
publications (ISGAN, IEEE, international magazines, etc.) enables to foster knowledge sharing on 
Smart Grids at the global scale. As an example, more than 20% of users of the GRID4EU website are 
not European. This strong activity is facilitated by the diversity of solutions implemented in a multi-
sites and multi-systems project like GRID4EU.
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 1  Introduction

 1.1 The European context

The European Union set up ambitious environmental targets, especially with the share of 
renewable energy in the EU final energy consumption. Beyond many positive aspects, this 
quick development also brought new challenges to the distribution grid that lead to the 
emergence of Smart Grids solutions.

To boost R&D investments into the Smart Grids, the European Commission launched 
the FP74  research program. The GRID4EU project was set up as an answer to the call  
FP7-ENERGY-2010-2.

 1.2 The GRID4EU project

GRID4EU is an innovative Smart Grids project proposed by a group of six European DSOs in 
close partnership with a set of electricity retailers, manufacturers and research organisations. 
Running over 51 months from November 2011 to January 2016, the project adopted a 
systemic approach to test in real size some innovative concepts and technologies. It aims at 
highlighting and helping to overcome some of the barriers to the Smart Grids deployment, 
whether they are technical, economic, societal, environmental or regulatory. The main 
focus is on how DSOs can dynamically manage electricity supply and demand, which is 
crucial for the integration of large amounts of renewable energy, and empower consumers 
to become active participants in their energy choices. Ultimately, tested solutions should 
increase the network’s reliability, flexibility and resiliency. 

Whereas most of demonstration projects on Smart Grids focus on a very specific area, the 
GRID4EU project involved a large set of Smart Grids solutions (multi-systems approach) 
under several boundary conditions (multi-sites approach). The project was structured to 
take into account the following challenges: 

• Existing networks are made of long-life assets and equipment which cannot be removed 
or easily upgraded;

• In Europe, the technical, economical, societal and regulatory context for distribution 
grids significantly varies according to countries’ specificities.

To better take into account these constraints, the project has been organised around 
large-scale demonstrators located in six EU countries. The locations have been chosen to 
provide various boundary conditions, whether it is related to grid characteristics, regulatory 
aspects or weather conditions:

4. http://cordis.europa.eu/fp7
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COUNTRY LOCATION DSO

GERMANY REKEN, NORTH RHINE-WESTPHALIA RWE Westnetz

SWEDEN UPPSALA, UPPSALA COUNTY VATTENFAL Distribution

SPAIN CASTELLÓN, VALENCIAN COMMUNITY IBERDROLA Distribución

ITALY AREA OF FORLI-CESENA ENEL Distribuzione

CZECH REPUBLIC VRCHLABÍ, EAST BOHEMIA CEZ Distribuce

FRANCE CARROS, Provence Alpes Côte d’Azur REGION ERDF

Table 1: The six demonstrators

Figure 1: Map of demonstrators
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On the one hand, this multi-systems and multi-sites configuration offers the double 
advantage to provide conclusions on different solutions and issue more comprehensive 
final results, especially regarding the scalability and replicability potential, by taking the 
influence of boundary conditions into account. 

On the other hand, it leads to a more complex organisation to manage and have a chance 
of finding a consensus. Indeed the project structure and its ambitious objectives required 
the contribution of a large and diverse number of actors. In total, 27 partners, among which 
utilities, energy suppliers, manufacturers and research institutes, worked together. Each of 
them had a specific role that falls within a global GRID4EU methodology:

• Actors on fields technically tested the solutions and gathered most valuable results into 
standardised documents called “Technical Spotlights”;

• One partner worked in close relationship with the 6 demonstrators to follow the 
implementation of standards in tested solutions in order to facilitate the interoperability; 

• To determine the possibility to replicate and scale-up the deployment of these solutions 
under different conditions, research institutes carried on a 2-stages Scalability and 
Replicability Analysis: 

- a first step of quantitative and detailed technical analysis based on simulation;

- a second stage of general analysis including a wider range of dimensions such as 
economic, social and regulatory aspects. 

• The coordination team designed and analysed soft learning questionnaires to collect 
non-technical information such as environmental or social impacts. 

The following chapter provides a technical overview in order to better understand how the 
GRID4EU project is structured.
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 2  The project cartography

 2.1 The workstreams

The GRID4EU project developed a very unique collaborative way of working in Europe to 
facilitate dynamic knowledge sharing, technical assistance and review. In order to ease 
the project coordination and ensure a harmonized way of working between all actors, the 
project has been structured into different workstreams that represent the innovation axis 
the demonstrators implemented on the field.

To ensure a shared vision among all project partners and the EU, the workstreams have 
been derived from the “Research and Innovation Roadmap (2013-2022)” of the European 
Electricity Grid Initiative (EEGI)5. Altogether there are 6 workstreams within the scope of the 
GRID4EU project:

• Distributed Energy Resources (DER);
• Active Demand;
• Storage;
• Innovation Power Management at MV level;
• Innovation Power Management at LV level;
• Islanding.

The following figure shows the matching between the workstreams and the demonstrators:

Figure 2: The workstreams/demonstrators matrix

5. European Electricity Grid Initiative Research & Innovation roadmap 2013-2022 -
 http://www.gridplus.eu/Documents/20130228_EEGI%20Roadmap%202013-2022_to%20print.pdf
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 2.2 The Use Cases

To ensure the overall technical coordination of the six demonstrators and allow potential 
comparisons, a common methodology has been considered necessary by all partners. 
Already used by the CEN-CENELEC-ETSI Smart Grid Coordination Group, the Use Case 
methodology has been adopted.

In total, 19 Use Cases have been defined by the six demonstrators in the scope of the 
project:

DEMONSTRATOR USE CASE 

German RWE
• Failure management in MV grid
• Decentralised grid operation in MV networks
• Reduction of grid losses

Swedish VATTENFALL • Outage detection in the LV network

Spanish IBERDROLA

• Automatic Failure detection
• Automatic Grid Recovery
• Secondary substation node 
• Customer engagement

Italian ENEL

• Voltage control on MV grids with high DER penetration
• MV measurement acquisition
• Anti-islanding protection on MV grids
• Demand response for MV customers

Czech CEZ
• Automated failure management on LV network
• Automated failure management on MV network
• Island operation

French ERDF

• Integration of massive PV production on LV network
• Peak demand reduction
• Encouraging residential customers to adopt smart habits
• Islanding of a low voltage area

Table 2: The Use Cases list

!  To get more information about the Use Cases, please refer to the Deliverable gD2.1 
 (see appendice).
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 2.3 The Smart Grid technology

GRID4EU aims at testing at large scale Smart Grids solutions based on new and innovative 
systems. The technology behind such systems has been developed thanks to the 
convergence between electric distribution and communication infrastructures. 

All these “objects” issued from a trans-domain expertise, whether hardware or software, are 
considered as Smart Grids technologies. One Smart Grids technology can play a role within 
the scope of one or several Use Cases. 

 2.4 The Key Performance Indicators (KPIs) 

Testing different solutions with several boundary conditions that share the same aim is 
an ambitious challenge that requires an optimised and harmonised evaluation process to 
eventually enable comparisons.

Whereas each demonstrator site developed its own KPIs to have an evaluation as relevant as 
possible according to local conditions, common indicators have been developed. Therefore 
the so-called “GRID4EU project KPIs” are the performance indicators that are commonly 
used across different demonstrators (at least two). This means that several demonstrators, 
testing different solutions, will use the same indicators to measure the performance of their 
solutions but also to highlight specific benefits, according to test conditions. 

Whereas the methodology for measuring these indicators varies from one demonstrator to 
another, the indicator definition remains the same among all demonstrators. The following 
table lists and gives a short description of the GRID4EU project KPIs:
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Family ID Description Type

Energy losses GRID4EU_KPI1
Monitor - and in some cases minimise - 
the energy losses associated to different 
Smart Grids solutions.

Technical

Fault, awareness,  
localisation and  
isolation time.

GRID4EU_KPI2
Monitor the decrease of reaction time in 
case of grid failures or faults.

Network  
hosting capacity

GRID4EU_KPI3
Monitor the increase of hosting capacity in 
Distributed Energy Resources (DER) on LV 
and MV grids.

Line voltage profiles GRID4EU_KPI4
Monitor the improvements in voltage 
quality.

Islanding GRID4EU_KPI5
Monitor the voltage deviation during islan-
ding operations.

Use of standards GRID4EU_KPI8
Monitor the actual use of standards in the 
different demonstrators with respect to the 
initially described use.

Recruitment GRID4EU_KPI6
Monitor the fraction of contacted consu-
mers/producers that accepted to partici-
pate in an experiment. 

Social

Active participation GRID4EU_KPI7
Monitor the fraction of contacted consu-
mers/producers that actively took part in 
an experiment. 

Table 3: Description of GRID4EU KPIs 

!  To get more information about a specific KPI please refer to the Deliverable gD2.2 
 (see appendice).

It is important to note that a KPI does not measure the performance of a single system 
but of a Use Case as a whole. Furthermore a Use Case can gather different objectives and 
therefore be evaluated by a set of indicators. 

It is also important to underline the fact that the KPIs’ values are not comparable 
in an absolute way because the values are strongly influenced by the “boundary” 
conditions and the calculation methods; it is of utmost importance not to 
consider the results unconditionally, but they must be “contextualised”. 

The following table shows all links between Use Cases and associated KPIs: 
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KPIs vs. Use Cases
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Failure management in MV grid   X            

Decentralised grid operation in MV 
networks

  X   X    

Reduction of grid losses X

SE Outage detection in the LV network   X            

ES

Automatic Failure detection   X            

Automatic Grid Recovery   X            

Secondary substation node X X       X    

Customer engagement             X X

IT

Voltage control on MV grids  
with high DER penetration

X   X X   X X X

MV measurement acquisition X   X X   X X X

Anti-islanding protection on MV grids             X X

CZ

Automated failure management on MV 
network

X X   X        

Automated failure management on LV 
network

X X   X        

Island operation         X      

FR

Integrate massive PV production  
on LV network

X        X X

Peak demand reduction  X          X X

Encourage residential customers  
to adopts smart habits

X        X

Islanding of a low voltage area         X   

Table 4: The Use Cases/KPIs matrix
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 2.5  The Smart Grid Architecture Model (SGAM)

The Smart Grid Architecture Model (SGAM)6  has been used to describe the demonstrators 
and Use Cases of GRID4EU. It ensures consistency and harmonisation between all project 
partners and the European Commission.

Figure 3: Representation of the SGAM layers 

The SGAM is composed of five layers:
• The business layer represents the business view on the tested smart systems and is 

directly related to the GRID4EU workstreams;

• The function layer describes the functional elements of a system and their relationship 
independent from physical implementation, applied technology or assigned actor and is 
directly related to the GRID4EU Use Cases;

• The information, communication and component layers describe the information, 
protocols and equipments that are being used within the scope of GRID4EU. It contains 
information objects and underlying data models. They are directly related to the Smart 
Grids technologies. 

!  To get more information about the SGAM, please refer to the Deliverable gD4.1  
 (see appendice).

6. http://ec.europa.eu/energy/sites/ener/files/documents/xpert_group1_reference_architecture.pdf
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 3  Specificities of the six demonstrators

 3.1 The German Demonstrator

The high share and still increasing amount of distributed generation, predominantly wind 
and photovoltaic, set new challenges to the DSOs in Germany. In order to provide hosting 
capacity to integrate these resources, huge investments in grid infrastructure are required. 
Moreover, grid operation and grid observation become more complex since power flows 
are becoming less predictable. At the start of the projet, in Germany, there were hardly any 
surveillance facilities or grid automation in place in medium voltage networks. 
The German GRID4EU Demonstrator addressed these challenges with the demonstrator 
built up in the area of “Reken”, located in North Rhine-Westphalia. The considered grid was 
well-selected : from the beginning of the project on, it showed a balance between installed 
generation power and maximum demand. Further increase in renewables to be connected 
was forecast. The grid focused on consists of 85 secondary substations.

The following objectives are targeted:

• Integrating an increasing number of Renewable Energy Sources (RES) in the medium-
voltage (MV) network and underlying low-voltage (LV) networks;

• Achieving a higher reliability and shorter recovery times after grid failures;

• Avoiding unknown overloads and voltage violations;

• Fulfilling the needs of surveillance and remote-control in MV networks;

• Reducing network losses.

The basic idea is to implement an Autonomous Switching System (ASS) that is based on 
an autonomous interaction between decentrally installed modules in selected secondary 
substations and a lean control centre in the primary substation. All decentralised modules 
provide measured values and, furthermore, some of them are equipped with remote 
controlled switching gears. The central module collects all needed data and generates 
switching programs derived from the current state of the grid. The possibility of autonomous 
switching provides dynamic topology reconfiguration which is a new concept of operation.
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Specification sheet

DEMO1                      RWE

Location Reken, North-Rhine-Westphalia, GERMANY

Demographic density Semi-urban

Project scope

• 1 HV/MV primary substation
• 3 MV lines for a total of 145 km
• 85 MV/LV secondary substations (18 are “smart-equipped”)
• 14,400 LV customers

Climate Moderate (continental)

Specific conditions 
• High share of distributed generation, mainly wind and photovoltaic
• Local balance between installed generation power and peak demand
• Further increase in renewables to be connected is forecast

Project partners

• RWE
• Westnetz
• ABB
• TU Dortmund

Use Cases tested
• Failure management in MV networks
• Decentralized grid operation in MV networks
• Reduction of grid losses

Table 5: Specification sheet of the German Demonstrator

Figure 4: Presentation of the German Demonstrator leader 
GRID4EU Final Event (January 19, 2016)
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Autonomous modules

The Autonomous Switching System is based on an autonomous interaction between 
modules implemented in secondary substations and a control centre located in the primary 
substation. The modules are divided into two groups: 

• Measuring modules that provide field measurements;

• Switching modules which perform field measurements and execute the switch gear.

The control centre and all modules are equipped with a Remote Terminal Unit (RTU). The 
interaction between the three components is illustrated in Figure 5: The basic principle.

For safety reasons, the modules are equipped with a service-modus (deactivation of 
autonomous switching and remote-control) for work on the grid (e.g. maintenance). If 
service or maintenance works are in progress, earthed parts of the grid have to stay earthed 
and modules are not allowed to switch. 
 

!  To get more information about the implementation of the modules in the field, 
 please refer to the “Autonomous Switching System” and “Autonomous Switching 
 System infrastructure” spotlights of the GRID4EU German Demonstrator.

Figure 5: The basic principle

The communication infrastructure 

For all information exchanges, the protocol IEC 60870-5-104 is used, whether it is within 
the Autonomous Switching System or with the SCADA. This exchange of data is not limited 
to the measured information, like status of a switch or the voltage, all information about the 
status of the modules is transferred by using this protocol.
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Concerning the communication structure, the necessary ICT infrastructure has been set up 
to ensure the communication between:
• The central RTU in the Control Centre and the grid control system (SCADA);
• The central RTU and the decentralised RTUs in the switching and measuring modules.

The secondary substations (modules) send data via a GPRS connection to an APN7. The 
information is then forwarded to the central RTU through the backbone of the process data 
network. Finally, the central RTU collects all the data and provides them to the grid control 
system (SCADA). 

All these information exchanges are performed thanks to a hierarchic network based on the 
following communication structure:

• A basic level, the TCP/IP data flow, going through the VPN-router located at the 
communication centre;

• A second layer, the encrypted VPN. As a central approach was chosen (communication 
towards one single “Master module”, the RTU in the primary substation), it is always 
established from the master RTU towards the VPN-router;

• A third level, the dedicated “modules-network”. As soon as the master RTU is connected to 
the VPN, logical IEC 60870-5-104 connections can be established between the modules 
and the master module, as well as with the SCADA system. This is always initiated by the 
master or SCADA (controlling substation). 

The RTU information, like indications, goes through all these levels.

Figure 6: Central communication
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Legend:
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!  To get more information about the communication infrastructure, please refer to the  
 “communication infrastructure” spotlights of the GRID4EU German team.

The grid restoration algorithm

After a fault occurred in the MV grid (e.g. short circuit) the circuit breaker at the primary 
substation switches off the entire bay so that every secondary substation in the feeder 
suffers an outage. Thus, the objective of the restoration algorithm is to identify the faulty 
grid section, to isolate the most compact part of the grid and to recover the energy supply 
in the remaining grid. This procedure is often defined by the term FDIR – fault detection, 
isolation and restoration. The algorithm’s flow is presented in Figure 7.

As illustrated in the upper row, four tasks are involved in the overall procedure. First, the short 
circuit (SC) detections put the system in the post-fault state. SC indications provide a data 
basis for finding the affected network section between monitored secondary substations. 
Then, an algorithm for finding the minimal switchable section of the network computes 
the switching programme which would isolate this part of the network. The isolation phase 
is carried out by the execution task. In the following step a restoration scheme has to be 
computed. This new topology enables repowering the previously switched-off parts of the 
network, which are by now isolated from the faulty section. The final step is carried out by 
the execution task.

Figure 7: Grid Restoration Algorithm
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!  To get more information about the restoration algorithm, please refer to the dD1.4 
 Deliverable document of the GRID4EU German team.

Switching program management algorithm

The switching program management is a supporting routine which is required for performing 
switching actions in all use cases: decentralised grid operation, fault management and 
loss reduction. A switching program describes a sequence of switching actions and some 
additional information:
• Activation time;
• Initial topology;
• Switches to close;
• Switches to open.

The activation time is use case dependent and can express an immediate execution or a 
scheduled switching action. In order to guarantee a consistent topology reconfiguration, 
the assumed initial topology state is attached. If the topology has been changed (e.g. by 
manual operation) before the execution of the switching programme, the execution of the 
programme has to be cancelled.
All switching programmes are stored in a queue object and are managed by the switching 
programme management task.

!  To get more information about the switching program management algorithm,  
 please refer to the dD1.3 Deliverable document of the GRID4EU German team.

The grid reconfiguration algorithm

The developed Autonomous Switching System uses a grid reconfiguration algorithm in 
different cases:
1. Decentralised medium voltage network operation: as a reaction to congestions or 

overvoltages in the grid;

2. Failure management: as an algorithm for finding a new network topology when restoring 
the grid;

3. Loss reduction: for finding a loss-optimal network topology for a certain period of time, 
predicted by a forecast-based algorithm.

Due to its nature, the reconfiguration algorithm is implemented centrally on the master 
RTU. Data from all secondary substations is collected and used as input (see Figure 8: 
System architecture).
Secondary substation RTUs are also responsible for the execution of switching commands.
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Figure 8: System architecture

The algorithm flow is depicted in Figure 9, based on the “Decentralised medium voltage 
network operation” Use Case, considering an occurred congestion. The triggering event 
is a decentralised detected state violation (voltage or current), which is forwarded to the 
master unit.

Necessary input data for this functionality, the present [P, Q] snapshot and the online 
topology are continuously forwarded to the master unit. In the next step, the static 
reconfiguration algorithm is applied. A target topology is calculated and the switching 
programme management task schedules a switching action sequence for immediate 
execution.

When the reconfiguration execution is completed, a secure state is supposed to be 
reached. This concept cannot be directly compared with the closed control loop principle. 
However, a feedback of the behaviour of the system is given indirectly by the state machine 
mechanism.
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Figure 9: Congestion management algorithm

As input data, current active and reactive power measurements and online switch states 
are used. A load flow-based algorithm determines an optimal topology which eliminates 
voltage or current limit violations. A switching programme is prepared for immediate 
execution. After the reconfiguration the overall system state is being optimised.

Figure 10: Flow chart of the switch exchange method and schematic network

!  To get more information about the grid reconfiguration algorithm, please refer to the 
 “grid reconfiguration algorithm” spotlight of the GRID4EU German Demonstrator.

The forecast algorithm

For the loss reducing grid operation, knowledge of middle-term grid behaviour is required. 
In order to provide this information, active and reactive power flow forecasts are computed 
locally at the secondary substation level (see Figure 11). Every 15 minutes, forecast data are 
forwarded to the central RTU at the primary substation and are used as input for the loss 
reduction algorithm.
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Figure 11: Principle of the decentralised power forecasting

Especially with regard to the limited hardware capabilities of the RTUs, a double seasonal 
exponential smoothing forecast technique is used. This does not require any additional 
information (e.g. weather data) and uses only measurements and their 15 minutes average 
values as input data for the forecast.

!  To get more information about the grid forecast algorithm, please refer to the dD1.3 
 Deliverable document of the GRID4EU German Demonstrator.

The forecast based loss reduction algorithm

On the one hand, every significant network state change should be followed by a 
reconfiguration process for gaining maximal loss-reducing effect. On the other hand, a 
high number of switching actions results in faster wear of the switching devices. 
A trade-off for less switching actions and still good loss reducing operation is to be found. 
In order to find this balance a network state forecast is carried out. The network state might 
be represented by the residual load, which consists of the sum of the active nodal power 
measurements acquired at the secondary substation level.

The proposed loss reduction algorithm is applied periodically (every 15 minutes) and 
consists in the following structure (see Figure 12).

Figure 12: Forecast-based loss reduction algorithm
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After the local power forecasts have been collected, they are mapped onto a reduced 
network model which is required for load flow computations. Based on local forecasts, 
the residual load is calculated. This variable provides possible times for switching actions. 
To obtain target topologies for these times average forecasted, active and reactive power, 
values for the supposed time interval are calculated. When switching time and target 
topology are obtained, the corresponding switching action is scheduled for possible future 
execution. Every 15 minutes the scheduled actions are checked by applying more precise 
data from the updated forecast. When the scheduled time is reached, the switching action 
has to be executed.

!  To get more information about the forecast-based loss reduction algorithm, please 
 refer to the “forecasting algorithms” spotlights of the GRID4EU German Demonstrator.

Summary of Smart Grids technologies vs. Use Cases

Failure  
Management 

in MV Networks

Decentralised Grid  
Operation In MV 

Networks

Grid 
Losses

Autonomous Modules X X X

Communication Infrastructure X X X

Switching Program Management 
Algorithm

X X X

Grid Restoration Algorithm X

Grid Reconfiguration Algorithm X X X

Forecast Algorithm X

Forecast-based Loss Reduction 
Algorithm

X

Table 6: Breakdown of the Smart Grids technologies per Use Case 
in the German Demonstrator
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 3.2 The Swedish Demonstrator

The LV network that VATTENFALL Distribution operates in Sweden is to a large extent 
considered as rural/semi-rural. Indeed, about 83% of the secondary substations and 
approximately 57% of the Swedish customers supplied by Vattenfall are classified as part 
of the LV rural/semi-rural network. Moreover the number of customers per secondary 
substation in these parts of the network is relatively low with an average of 14.4. 

The Swedish GRID4EU Demonstrator aims at testing a solution for improved outage and 
power quality management of the LV network. The implemented solution allows the 
monitoring of the LV network by deploying intelligent equipment in secondary substations 
(RTUs) and using the existing Smart Meters that have been deployed at all customers’ 
premises several years ago. 
Apart from addressing the objective mentioned in the previous paragraph, the Swedish 
Demonstrator also analysed the possibility of using only the power quality events provided 
by the AMM system to monitor the LV network. Although such analysis would not be as 
beneficial as the combined analysis of meter and RTU data for monitoring the LV network, 
it would still be very valuable in cases in which there were no RTUs installed. Today, most 
of all the secondary substations are not equipped with any advanced measuring devices. 

Information from two different sources (RTUs and smart meters) are used and combined in 
an integrated back office system environment. The solution supports different user needs 
and operating functions such as network planning, optimisation, power quality analysis, 
field service processes, etc.

Specification sheet

DEMO2                        VATTENFALL

Location Outside the city of Uppsala, Sweden 

Demographic density Rural/Semi-rural area

Project scope
• 100+ MV/LV secondary substations 
• 600 LV lines for a total of approximately 600 km
• 10,600 LV customers

Climate Cold & stormy (continental, oceanic)

Specific conditions 
• AMM technology implemented at consumers’ premises since years
• High level of market deregulation 
• Both rural and urban complexities in the grid infrastructure

Project partners

• Vattenfall
• ABB
• KTH
• Schneider Electric
• eMeter, a Siemens Business

Use Cases tested • Outage detection in LV networks

Table 7: Specification sheet of the Swedish Demonstrator
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Outage detection in the LV network

The Advanced Metering Infrastructure (AMI)
The Swedish Demonstrator has included some 10,600 Smart Meters connected to 100+ 
Data Concentrators. Together with the PLC communication infrastructure and integrations 
with the AMI collecting system, this forms the Smart Metering Infrastructure. 
Data Concentrators (DC) are collecting metering data from the meters being installed on 
the same power line structure as the DC. The DC is in turn connected to the overlying 
collection system via GPRS. The data traffic uses common standards (OSGP) and passes 
the telecom service provider communication platform and servers before being exported 
to the AMI Collecting system server through VPN integration.

The AMI system exports data to the MDMS:
• Measurement values (active energy (kWh) per hour);

• Smart meter data, like events and alarms. Events are divided into general and real time 
events. General events are collected once a day and real time events are collected as 
soon as possible after occurrence. Real time events are defined to be of more importance 
for power quality monitoring and quality of supply to the customers.

The Swedish Demonstrator also analysed the possibility of using only the power quality 
events provided by the AMI system to monitor the LV network. Although such analysis 
would not be as beneficial as the combined analysis of meter and RTU data for monitoring 
the LV network, it would still be very valuable in cases in which there were no RTUs 
installed. Today most of all the secondary substations are not equipped with any advanced 
measuring devices. 

The MDMS

The MDMS platform provides a tool for in-depth analysis of customer and network 
behaviour. The high level functional configurations and integrations relevant to MDMS 
testing in order to run MDMS properly are:
• Asset Synchronisation:

- Network assets and relationships were made in a one-time synchronisation with 
Vattenfall Master systems and the MDMS. The same with DMS/RTU system data.

• Data received from RTU/SCADA at feeder and substation level:

- Data from the DMS/RTU are processed using a file format point to point connection.

• Meter Read and smart meter data:

- Interfacing with the AMI system (measurement values and events/alarms) is done via VIP 
(Vattenfall Integration Platform).

• Data from MDMS to Analytics Foundation, using the tool ETL (Export/Transform/Load):

- RTU and smart meter data.

The reporting framework Analytics Foundation is designed to pull data out of the MDMS 
and create a purpose built database, where different reports are created in the Reporting 
Framework.
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The reporting framework Analytics Foundation is designed to pull data out of the  MDMS 
and create a purpose built database. 

From the wide range of reports, only Load Analysis and Device Event reports were used for 
the Swedish Demonstrator analysis.

Load analysis reports show load usage data, load curves and load duration curves. These 
reports provide a way to drill into load usage from a high-level view (secondary substation).
 
Device Event reports are used to track outage issues, trends and impacts. These reports 
provide a way to drill down into events from a high level view to individual customers 
or single delivery points (SDP). Events are sorted into predetermined buckets for easier 
analysis. For instance, the following Device Event summary table shows that 192 SDPs 
experienced an outage at that time:

Figure 13: Device event summary table

Partners of the Swedish Demonstrator agreed on the most interesting events coming from 
the smart metering system from power quality point of view and that would be useful for 
monitoring the LV network. Those events and their definitions are listed below:

• Events generated at smart meters:

- Reverse Energy. The meter has registered reverse power. Typically occurs if the 
consumer is generating power, otherwise the meter may be mis-wired. Could also be 
considered as a possible tamper event;

- Sag. This event occurs when a voltage sag is detected in any phase. The voltage must 
drop below 10% of the rated voltage (230 V) to be recorded as an event;

- Surge. This event occurs when a voltage surge is detected in any phase. The voltage 
must be above 10% of the rated voltage to be recorded as an event;
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- Phase Loss. Voltage below 61% of the rated voltage has occurred on at least one 
phase.

- Power Outage. Power outage occurred at the meter. Expected when power outages  
occur. The event will be reported after power is restored.

• Events generated at data concentrators:

- Phase Inversion. This event occurs when the meter experiences phase inversion. This 
alarm may occur because the meter is mis-wired, although in some cases it can occur 
simply due to noise on the power line.

• Events generated in AMM Platform Titanium, as an algorithm:

- Zero Fault. A zero fault event is triggered when there is a surge above 270 V and also  
a sag event;

- Extremely High Voltage. This event is triggered when there is a surge above 270 V and 
no sag event;

- High Voltage Fuse Broken. This event is triggered when two phases are below 30%  
of the nominal value and one phase is within 10% up or down the nominal value.

RTUs

RTUs are deployed at secondary substation and are connected to each outgoing LV line. 
The RTU continuously monitors each value from the multimeters. Current on all three 
phases are measured. When one or more of the currents, I

1,2,3
 values drops to below 0,5A 

that triggers the RTU to send a signal to the SCADA system. That change is picked up by 
the DMS which sets the line as having a power outage. Voltage sags and surges are also 
propagated to the SCADA system. These measured values are the decision making base for 
alarm triggering in DMS.

RTUs are communicating with built in GPRS modem, using IEC 60870-5-104 protocol.

The use of a RTU solution in secondary substations allows the detection of outages and LV 
faults through the following process:
• The RTU detects an outage or a LV fault, e.g. a drop in current on one or more phases, 

and reports a warning to the SCADA system. This improves the fault awareness time;
• The SCADA generates an alarm, which is instantly processed by the DMS to red mark the 

line in question to indicate the loss of power. This improves the fault location time;
• The isolation work is done manually by the operator who uses information mainly from 

the RTU to work more efficiently. This information will help to reduce the isolation time 
in field.

LV SCADA

The SCADA system is the receiver of all data reported by the RTUs. The system also 
interprets the data and announces alarms in case of fault detection. SCADA sets a fictive 
breaker in the DMS system to open and the topology in the DMS will mark the actual line 
as unpowered to highlight a faulty line.
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The DMS

The Distribution Management System (DMS600) in the Swedish Demonstrator comprises 
two functionalities. Both target operator awareness and in aim to shorten lead time in fault 
location and fault resolution times (SAIDI);

• AMR Meter Event visualisation:

- A functionality which processes selected high priority events from the meters at 
 customer premises and maps them to the right meter in the DMS. The DMS has a 
 complete representation of all customer meters on the feeders monitored within the 
 demonstrator. This functionality allows an operator to quickly spot where a specific  
 customer event is located. Current or voltage drop visualisation:
- As a way to signal a drop in current on a feeder or voltage drop in the bus-bar in the LV 
 network, ABB has implemented a functionality that mimics the behaviour of the DMS in 
 case of a breaker opening. When the SCADA gets a signal that a line drops to near zero 
 current, the fictive breaker is set as open and the line in question is marked red to indicate 
 the loss of power.

The combination of these two functions gives an operator swift indication when a fault 
occurs. This enables quick action to be taken, either to monitor that power is restored or 
to initiate an investigation.

The SYS600 Historian

The SYS600 Historian is a historical database. It is dynamically updated and presents live 
data along with historical data to give graphs of measured values. The operators choose 
content. Through discussions with Vattenfall operations staff, ABB has created graphs that 
help operator monitor, live or historically, the consumption, power quality and technical 
losses.

The historian has access to data on energy supplied on each outgoing feeder in any 
substation. At the same time, the system receives meter data on consumed energy from 
the individual meters connected to the feeders. Historian then produces a graph where 
supplied energy, consumed energy and the diff on a selected feeder or substation is 
shown. By setting this up per station, it is easy to identify troublesome stations and on 
those set up monitoring for the individual feeders to further pinpoint the source of the 
technical loss.

IT environment and communication infrastructure 

The IT systems were implemented in the Vattenfall R&D location Älvkarleby. The location 
to host the system hardware was selected based on primarily IT and Information security 
regulations. The hardware is located outside Vattenfall ordinary network, on a test net 
operated by Vattenfall R&D department. “Open” network connections between the 
Vattenfall corporate network and the Swedish Demonstrator environment was not allowed 
to be established. Data was also needed to be anonymous.
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Within the system, there are three kinds of communication:

• Smart Meters use PLC communication with the Data Concentrator

• Data Concentrator communicates with built in GPRS modem, using OSGP protocol

• RTUs communicate with built in GPRS modem, using IEC 60870-5-104 protocol.

Summary of Smart Grids technologies
The following table shows the mapping between the Smart Grids technology and the Use 
Case:

Outage detection in the LV network

The Advanced Metering infrastructure X

MDMS X

The Remote Technical Units X

The Communication Infrastructure X

Table 8: Smart Grids technologies used to perform the Use Case  
in the Swedish Demonstrator
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 3.3 The Spanish Demonstrator 

The Spanish Demonstrator in Castellon focuses on the enhancement of the MV and LV 
network automation and the awareness of the customers about their consumption and 
network situation. 
Iberdrola completed long ago the roll-out of smart meters in Castellón, a city of 200,000 
inhabitants in the Mediterranean coast (around 100,000 points of supply). This roll-out offers 
a unique opportunity to enhance the deployment with other Smart Grids functionalities, 
and will work as a large experiment lab for the subsequent deployment in all the Spanish 
territory of Iberdrola. 
The new functionalities cover telecommunication, automation, supervision, and in-home 
consumer equipment for 200 houses. More than 20 Secondary Substations have been the 
scenario to test improvements such as high availability for MV-BPL, enhanced coupling 
systems, new protocols, prototypes for LV and MV supervision, smart meters line detection 
and others. Central control systems have also been improved with new features. 
The main objective is to enhance observability and control of the low and medium voltage 
networks, in connection with a multi-layer solution for smart metering, in order to:
• Enable effective active demand at domestic level;
• Improve the quality of service through communications improvement, automatic outage 

detection and Automatic Grid Recovery;
• Better inform customers;
• More efficiently plan network.

Specification sheet

DEMO3                      IBERDROLA

Location Castellon, Spain
Demographic density Urban

Project scope
• 200,000 customers connected to the LV grid
• 200 participants in the customer engagement programme
• 20 secondary substations enhanced with Smart Grids functionalities

Climate Mild (Mediterranean)

Specific conditions 

• 97% remote meter reading deployment
• 10 air-insulated secondary substations
• 10 gas-insulated secondary substations
• 200 in-home displays

Project partners

• Iberdrola Distribucion • Ormazabal
• Iberdrola Clientes • Ormazabal Current
• Itron • Siemens
• Landis + Gyr • ZIV

Use Cases tested

• Automatic failure detection
• Automatic grid recovery
• Secondary substation node
• Customer engagement

Table 9: Specification sheet of the Spanish Demonstrator

The overall concept of DEMO3 is presented in the following Figure and detailed bellow.
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Figure 14: High-level view of technologies deployed in the Spanish Demonstrator

Customer engagement Program 

To support the activities of this program the architecture consist of a control centre from 
which the distribution company can send messages to the customers, an interface box 
to receive them installed at consumer premises and an In Home Display to present the 
information to the participant.

Control Centre
For the purposes of this pilot, a provisional control centre was set up to send the indications, 
tariffs and tips to the customers. The objective was not to validate the architecture but to 
analyse the capability of DSO to modify the behaviour of consumers.

Interface Box
The interface box allows the communications via Zigbee with the In Home Display and 
via GPRS with a control centre from where the indications, tariffs and tips are sent to the 
customers.

In-Home Display (IHD)
They provide information on the current consumption and tariff as well as practical tips 
meant to engage the customer into a more effective and responsible energy consumption.
The IHD visualises functional information such as energy consumption, energy costs, utility 
messaging, utility tariff plans and the utility brand is displayed on the touch screen in real 
time (7.5 seconds updates) as well as historical.
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Figure 15: Customer Engagement Program HW/SW architecture

LV and MV monitoring, fault detection and remote management

LV advanced Supervisor
Until now, the visibility of the LV grid is in general reduced, or as in most cases null. As a 
consequence, the improvement of the quality of supply is limited as well as the detection of 
LV faults.

Thus, LV faults are not detected until a customer informs the incidence. On the other hand, 
the lack of knowledge in the LV side of the secondary substation constraints the improvement 
of the Quality of supply

Therefore, two different approaches had been proposed to provide advanced supervising 
capabilities. 

The first solution is integrated by a set of fuse sensors that are mounted on each fuse of the LV 
panel measuring the current through the fuses and its temperature and send this information 
wirelessly to a dedicated receptor, which also gathers information coming from the LV side 
of the MV-LV transformer (traditional LV supervisor). This solution can detect blown-up fuses 
among other events and also provides the following information every 15 minutes:

 Figure 16: LV Supervisor Figure 17: Wireless Receptor Figure 18: Fuse Sensors

The other solution implements a commercial three-pole sensor to measure the voltage 
and current of each phase of each LV line coming from the LV panel. These information 
is collected with a Line Detection board that sends the information to an Auxiliary node.  
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It also provides the PRIME signal that it is injected through the SISP current sensors to provide 
the Line Detection functionality. This functionality allows to detect all the smart meters 
connected to the Secondary Substation and identify the LV-line that they are connected 
to. The auxiliary node allocates all the algorithm needed to process the information, detect 
event and generate the corresponding alarms.

Figure 19: Secondary Substation disposition

MV monitoring and fault detection
The compact automation solution developed provide enhanced functionalities compared 
with the traditional solution for MV monitoring and automation. For the new version, the 
fault detector is embedded in the RTU. Additionally, the protection units support five different 
protection curves and the accuracy of the voltage sensors has also been improved, from 
3% to 1% and the intensity sensors are upgraded to Classe 0,2S. 

Enhanced MV-BPL communications

To establish communication between contiguous secondary substations it is frequently 
used Broad Band Power Line (BPL) communications. The architecture is composed by 
a couple of modems connected to the MV electric line through a capacitive coupler.  
The MV-BPL infrastructure is divided by areas working with different frequency bands.

Modem API2000SA
It receives the information from the data concentrators through a switch, and prepare the 
signal for MV-BPL communications.

Capacitive coupler
During GRID4EU project it was designed a new capacitive element that improves the 
performance in certain frequency bands. Each capacitor is connected to the MV line 
avoiding the switchers to ensure a proper operation even when the secondary substation 
is isolated.



Version 1.0

57

www.grid4eu.eu

3 – Specificities of the six demonstrators

Figure 20: Use of the capacitive coupler

High Availability Concept
In a traditional MV-BPL cell a Master-Slave architecture is typically used. The risk associated 
to this approach is losing the communications because of only one equipment failing: 

• When a Master fails the communications between all the elements are lost.

• When a slave fails splitting a serial chain in two parts, the communications are lost for 
 all the elements in the sub-chain without a master.

The High Availability concept proposes that a Slave can become the master whenever it is 
needed. Additionally the solution considers the use of double backbone.

Interface and information exchange between the remote management system, data 
concentrators and any other high-end system present on the Smart Grids

This interface is capable of managing up to 1,000,000 smart meters and relies basically on 
two software components:

• Saturne MDC, which collects the vast information generated at the smart meters 
and stores the data for other high-end systems such as the data-warehouse and the 
IBERDROLA’s MV SCADA;

• ISB (Itron’s Smart Bus) that provides real time interface between the IBERDROLA’s Saturne 
MDC system and the Customer Information System (SIC).

Improvement of the Quality of Supply

Automatic Grid Recovery system (AGR)
The objective of AGR is to recover as much market as possible in the shortest time after 
a definitive trip in a MV grid. In the controversy of local versus centralized intelligence in 
Distribution Networks, IBERDROLA has opted for the centralized intelligence, leveraging 
the control system to operate and restore outages automatically.

The AGR is a watchdog program integrated in SIEMENS’ Spectrum Power which interprets 
all the alarms received in the Advanced DMS system, in particular protection operations, 
fault detectors, and topological status to effectively isolate faults and to recover as much 
market as possible by remotely-controlled equipment. Combined with the mobility module, 
which is also integrated in the Control System, faults are not only isolated and tagged 
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automatically, but the trouble crew is automatically dispatched to the isolated event. AGR is 
a virtual reliable operator. All operations are done in an effective and safe manner.

Figure 21: Logical steps of the AGR

Grid estimation algorithm 
The design and development of an improved grid estimation algorithm coined “Bottom-
up Approach”, which is based on network subdivision and on an optimisation process, 
taking measurements, load curves and nominal loads as weighted information into account 
minimising the deviation between measured and calculated values of power flow.

Summary of Smart Grids technologies vs. Use Cases

The following table shows the mapping between the Smart Grids technology and the Use 
Cases:

Automatic 
failure detection

Automatic
grid recovery

Secondary 
substation node

Customer 
engagement

Smart meters X X

In-home display X

Transforming Station Concentrator X X X X

LV feeder measurement module X X X

MV monitoring and fault detector X X

Advanced LV supervisor X

Enhanced MV-BPL X X X

Automatic Grid Recovery system X X X

Grid estimation algoritm X X X

Table 10: Breakdown of the Smart Grids technologies per Use Case  
in the Spanish Demonstrator
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 3.4 The Italian Demonstrator

Italy’s Demonstrator is located in the Forlì-Cesena area (Emilia Romagna region), a 
rural/semi-urban area with a high penetration of renewable energy generation - mostly 
photovoltaic - and, in comparison, low energy consumption. In this context, the Italian 
Demonstrator tested a centralised solution at HV/MV substation level for controlling the 
On Load Tap Changer (OLTC) of the HV/MV transformer, third-party controllable generators 
(DERs) and an Electric Energy Storage System (EESS).

The focal point of the project is the realisation of an advanced control system communicating 
with MV generators, HV/MV and MV/LV substations and an Electric Energy Storage System 
(EESS), through an “always on” IP communication system for real-time data exchange, using 
both wireless (LTE) and Power Line Carrier (PLC) technologies and the IEC 61850 standard. 
The system aims at contributing towards increasing the MV network HC by the following:
• Implementing Voltage Control (at all nodes) and Power Flow Control in the MV network; 
• Enhancing the estimation of the current and future network state, thanks also to the use 

of forecast algorithms;
• Enabling Ancillary Services for MV Network operation;
• Enabling the dispatching of renewable generation on the MV network, including the use 

of a storage system (EESS);
• Developing new procedures for managing efficiently and reliably generation units 

disconnection in the event of unwanted islanding. 

Specification sheet

DEMO4                   ENEL

Location Area of Forli-Cesena, Italy

Demographic 
density Rural/Semi-urban 

Project 
scope

• 2 HV/MV (primary) substations 
• 657.6 km of MV lines 
• 227 MV customers connected to the grid 
• 875 MV/LV (secondary) Substations in total and 100+ equipped with innovative devices
• 38,724 LV customers connected to the grid

Climate Dry (Mediterranean)

Specific 
conditions

• High penetration of renewable energy production, mostly photovoltaic, on the MV grid  
 (70,2 MWp connected to the MV grid; 11,5 MWp connected to the LV grid )
• Low local consumption in comparison

Project 
partners

• ENEL Distribuzione
• CISCO
• RSE
• SELTA
• SIEMENS

Use Cases tested

• Voltage control on MV grid
• Anti-islanding protection on MV grid
• MV measurement acquisition
• Demand Response for MV customers*

Table 11: Specification sheet of the Italian Demonstrator

* Tested at laboratory level only.
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Figure 22: Presentation by the Italian Demonstrator leader 
GRID4EU Final Event (January 19, 2016)

Figure 23: Overall system architecture deployed in field
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The overall system architecture is illustrated in Figure 23 below. The system can be logically 
divided into three parts: the measurement devices; the computational algorithms; and the 
controllable resources. The “computational core” of the system, where the algorithms (i.e. 
State Estimator – “SE” and Voltage Regulator – “VR”) run, is placed in the HV/MV substation. 
The measurements are acquired and the commands are sent to the field, through the 
Remote Terminal Unit (RTU) called TPT2020. 

The control system relies on three different controllable resources, communicating via IEC 
61850 protocol:

• HV/MV transformer’s OLTC: interfaced through the integrated transformer protection 
panel (DV7500), which receives the bus-bar voltage set point, and “translates” it for the 
on load tap changer;

• MV generators: interfaced through the energy regulation interface (IRE), which receives 
the reactive power set points and delivers them to generators’ inverter(s). In this 
experimentation, only Photovoltaic generators with inverters were present. Furthermore, 
the system allows also the modulation of active power, but this functionality is not tested 
in the real field;

• Electric Energy Storage System: interfaced through its own RTU, which receives the 
active and reactive power set points. In addition, the EESS can be connected to different 
MV feeders and the control system can identify the optimal connection. for achieving 
different goals.

All these elements do not receive only commands, but also send a complete set of 
information (e.g. measures, states, etc.) to the control system, useful for the state estimation 
phase and for system monitoring purposes. Furthermore, for the proper execution of the 
network state estimation, there are some additional dedicated measurement points, shown 
in Figure 23 as “substation for measures acquisition”, which are equipped only with the 
RGDM (“Rilevatore di Guasto Direzionale e Misura”) device. The RGDM is an intelligent 
electronic device for measurements acquisition and fault passage detection, which is 
installed also in the other MV substation’s typologies (i.e. generators and EESS).

 
field installations

Regarding the installations, in the HV/MV substation (Figure 24), it has been installed the 
Substation Control System (Figure 25), which is the “brain” of the solution, and the integrated 
transformer protection panel (Figure 26), which integrates the protection relays of the HV/
MV transformer along with interfacing the on load tap changers (OLTC).

The MV generators (Figure 27) have been equipped with the energy regulation interface 
(Figure 28), that is the “interface system” between the DSO Control System and the MV 
generators, to implement reactive power control and to enable active power control.

The IRE device fulfils the following main requirements: 

1. Implementation of Energy Regulation Interface functions
2. Collection of measures from generation plant’s  inverter(s) 
3. Delivery of set-point commands to generation plant’s inverter(s) 
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Generators’ reactive power set points are 
calculated by the voltage regulator and 
sent to the MV generation plant. Locally, 
these signals are received by IRE which 
delivers them to plants’ inverters via the 
data loggers.

In Figure 29, it can be seen a MV/LV 
substation equipped with IEDs (Figure 30) 
for measurement acquisition and fault 
passage indication. The measures coming 
from these substations are of utmost 
importance both for the network state 
estimation and for monitoring purposes.

Figure 28: Energy regulation interface (IRE)

Figure 27: One of the 
photovoltaic facilities 
equipped with the 
innovative energy 
regulation interface

Figure 24: One of the two HV/MV substations involved in the experimentation 
and equipped with the Substation Control System (SCS)

Figure 25: Substation control system cabinet installed in the HV/MV substation

Figure 26: Integrated transformer protection cabinet installed in the HV/MV substation

24 25 26

27
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The third element depicted in Figure 31 is the electric energy storage system (EESS). In 
Figure 31, the system can be seen, it is composed by two containers, one housing the Li-Ion 
batteries (detail in Figure 32: View of the interior of the batteries container) and the other 
one housing the “power interface” between the MV grid and the batteries (i.e. inverters, 

transformer, etc). 

Another “key piece” of the system is the LTE (Long Term Evolution) wireless communication 
infrastructure, which has been implemented for connecting the HV/MV & MV/LV substations, 
the generators and the EESS with the control system. All these different “actors” have been 
equipped with CPEs (Customer Premises Equipment), routers (Figure 33) and – in some 
cases – switches, to exchange information and commands. 

Furthermore, six MV/LV substations have been equipped with new devices (Figure 34) for 
the communication via medium voltage power line carrier (PLC).

Figure 31: The 1MVA-1MWh electric 
energy storage system installed 

for the experimentation

Figure 32: View of the interior of the batteries 
containe

Figure 29: One of the MV/LV 
substations equipped with IEDs

Figure 30: Intelligent electronic devices (IED)  
for measurement acquisition installed 

in the MV/LV substations



Version 1.0

64

www.grid4eu.eu

3 – Specificities of the six demonstrators

Operation Control Centre

The evolutions have not only interested the field equipment, but also the grid Operation 
Control Centre, which is placed in Bologna and where the operators manage - 24 hours a 
day - the MV grid.  

The main evolutions of the Control Centre are related to the development of the following 
HMI interfaces:  

• Interface for generation forecast data and network state estimation results:

 - A system operator during working day can monitor the generation forecast data 
aggregated at primary substation or at MV feeder/node level. In addition, state estimation 
results are displayed on network nodes of MV feeders where field measures are not 
available.

• Interface for MV generation plants monitoring and controlling:

 - A comprehensive interface allows operator to monitor states and measures coming 
from MV plants. It is possible also to send manual set-points for voltage regulation.

• Interface for storage system monitoring and controlling:

 - A very detailed and functional interface has been developed to allow operator 
monitoring and controlling Energy Storage Systems. It is possible to monitor real time 
storage behaviour and its measures. In addition local and centralised network calculation 
algorithm can be applied (e.g. peak leveling, voltage regulation, etc).

Figure 33: 
Router installed 
in the MV/LV 
substations, 
generation 
customers 
premise and 
in the EESS site

Figure 34: 
PLC capacitive 

coupler devices
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Figure 35: Workstations – placed in the control centre of Bologna – connected  
to the substation control systems for remote management purposes

Algorithms

Network Calculation Algorithm System (NCAS)
The core system SW implementing the calculation algorithms is the Network Calculation 
Algorithm System (NCAS) shown in Figure 36: NCAS logical architecture detail. It is designed 
to be open and modular and the main components are represented by:

• Network manager;
• Topological processor;
• Plug-in algorithm manager;
• Load/generation profiles manager.

Figure 36: NCAS logical architecture detail
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Grid Voltage Regulation (VR) algorithm 
The VR is an optimisation algorithm that uses the real-time network state and forecasted 
data as inputs. It interacts with the network remote control systems for data exchange and 
collects the following elements:

Type of data Parameters

Network description
Topology
Electric characteristics

Generators characteristics Capability curve (P, Q)

Storage characteristics
Capability curve (P, Q)
Initial state of charge
Maximum and minimum capacity

OLTC characteristics MV bus-bar voltage limits

Networks states
Current constraints
Voltage constraints
Load and generation forecast

Table 12: Data used as inputs for the VR

On the basis of these data, it computes the best set point for each controlled resource to 
maintain a high level of power quality. More precisely, the algorithm minimises the overall 
“costs” of the dispatching actions taking into account the technical constraints (voltage at 
nodes, current in branches). The “costs” of the resources can represent real costs, not yet 
defined by the regulatory framework, or weights to reach specific goals, for example:

• Define the order of intervention of the resources to solve congestions;

• Reduce network losses.

When defined, the set point order is sent to each controlled resource. The Figure 37 shows 
the relationship between the VR algorithm, its inputs data and output setpoints:

Figure 37: General scheme of the Voltage Regulator block

Voltage Regulator

V slack
P; Q  MV nodes

(State Estimator)

Forecasts
OLTC
P; Q 

set points

Dead band 
- controls

Network
Data 



Version 1.0

67

www.grid4eu.eu

3 – Specificities of the six demonstrators

!  To get more information about the voltage regulation algorithm, please refer to the
  “MV grid voltage regulation algorithm” Spotlight of the GRID4EU Italian Demonstrator.

Anti-islanding algorithm
The goal of the anti islanding algotithm is to disconnect the grid all the generators that 
are connected to a MV grid portion that is no longer energized from the main power 
network (this can happen due to faults or maintenance work). The scope of the automatic 
disconnection managed at central level by the control system is to avoid – using a closed 
loop control – unsafe/unsecure and uncontrolled islanding operation, which may occur to 
the abovementioned grid portion in case voltage and frequency remain inside the allowed 
limits during and after the transient phase.

Electric Energy Storage System (EESS)

The EESS has been installed closed to the MV/LV substation called “Smistamento” and it has 
the following features:
• Apparent power: 1 MVA;
• Energy capacity: 1 MWh;
• System efficiency: 86%;
• Number of cycles: 2000.
It is composed of 5 independent battery subsystems (nominal capability 213 kWh), 
themselves composed of a sub-set of Li-Ion batteries managed by a Battery Management 
System (BMS) and a power conversion system (DC-AC). In case one subsystem breaks 
down, the other ones will continue to work. In parallel the EESS reduces the nominal 
capability and signalises the degraded operation. The 2 shelters depicted in Figure 38 take 
up an area of 60 square meters8:

Figure 38: Energy Storage System installation

8. (12 x 2,5 m for 1 container)

MV/LV
Substation Human Machine

Interface

MV/LV Transformer +
Inverters + main

controller Shelter

Batteries + BMSs
Shelter

MV connection

LV Auxiliary services supply
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The goal is to study a new centralised/decentralised solution for voltage regulation and 
increase of the network hosting capacity. 
In particular, there is the possibility to switch the storage over 5 different feeders (see 
Figure 39 and Figure 40), depending on the results of an optimisation procedure (able to 
determine the optimal storage set point and connection). 

Figure 39: Network topology

The voltage regulation algorithm, which runs on the Substation Control System (installed in 
HV/MV substation), provides 2 different kinds of outputs at the same time:

• Active and Reactive Power set points with the current EESS connection;
• Active and Reactive Power set points + suggestions on the optimal EESS connection to 

the grid.

Figure 40: Bus-bar system inside the “Smistamento” MV substation
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The EESS is connected to the MV network with a remote controlled circuit breaker and 
also it has a LV connection for the auxiliary services and UPS. The Energy Storage System 
is remotely controlled by the DSO’s network control centre. There are two control loops: 
the external control loop assigns reference set points while the internal control loop is 
in charge to apply the control action to track the reference set values. The information 
interface between the EESS and the DSO’s Remote Terminal Unit is compliant with the 
IEC 61850 international standard. The communication architecture is based on the Client/
Server model. The EESS interface assumes the server role while, on the DSO side, there is 
a Remote Terminal Unit that plays the client role. This RTU is remotely connected with the 
remote control centre that hosts the DSO’s SCADA. The Figure 41 shows the implemented 
communication architecture.

Figure 41: Communication architecture

!  To get more information about the EESS, please refer to the “Electric Energy Storage  
 System” Spotlight of the GRID4EU Italian Demonstrator
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Role of laboratory integration tests

In relation to the development of the  overall system deployed in the framework of the 
Italian Demonstrator, it is important to highlight the essential role of laboratory integration 
tests. The whole Italian Demonstrator system architecture has been replicated in 
ENEL’s laboratories in order to perform the overall system integration tests, before field 
commissioning and tests. 
Thanks to this set up it has been  possible to go through different kinds of integration tests, 
related to: 
• Data and commands exchange between systems and devices;

• Single devices and overall system functionalities.

Summary of Smart Grids technologies vs. Use Cases

The Table 13 shows the mapping between the main Smart Grids technologies and the Use 
Cases:

Voltage 
control 

on MV grid

MV 
measurement 

acquisition

Anti-islanding 
operations 

on MV grids

Demand response 
for MV 

customers

Operation Control Centre X X X X

HV/MV Substation 
Control System (SCS)

X X X X

MV generators’ Energy 
Regulation Interface (IRE)

X X X

EESS X

IEDs (sensors) for MV grid 
measurements acquisition

X X X X

Telecommunication 
infrastructure 
(LTE and OCV)

X X X X

The Voltage and power 
flow controls algorithms

X X

The anti-islanding 
algorithm

X

Table 13: Breakdown of the Smart Grids technology per Use Case  
in the Italian Demonstrator



Version 1.0

71

www.grid4eu.eu

3 – Specificities of the six demonstrators

 3.5 The Czech Demonstrator

The Czech Demonstrator, led by ČEZ Distribuce, focuses on innovative power management 
at LV and MV level, island operation, power quality measurement and examination of 
influence of electric vehicles charging on a distribution network, volt-var control with CHP 
unit on MV and volt-var control with PV inverters on LV. The main objective of the Czech 
Demonstrator is to test improvement of quality and reliability parameters of the distribution 
grid. 

The demonstrator was designed and implemented in order to demonstrate the innovative 
management of failures on MV and LV grids. This was mainly achieved by installation of 
remote controlled devices, introduction of infrastructure enabling fast communication and 
modifications of SCADA system to support automated operation. 

A combined heat and power unit (CHP) was used in order to supply electricity for the island 
operation area. Other equipment, called Island Operation Automatics, allows switching to/
from the island operation and balancing the power supply with power consumption during 
the island operation.

Specification sheet

DEMO5                  ČEZ DISTRIBUCE

Location Vrchlabí, Czech Republic 

Demographic density Semi-urban

Project scope

• Scope of MV failure management: 28 MV/LV substations, 12.9 km of MV
 cables and 4,895 LV customers connected to the grid 
• Scope of LV failure management: 6 remotely controlled LV street cabinets, 
 4 km of LV cables, 64 customers 
• Scope of islanding: 7 MV/LV substations CHP unit and 1,879 customers

Climate Cold (continental)

Specific conditions

• CHP 1.6 MW 
• 2 PV installations – 8 kWp and 5 kWp 
• 1 fast charging station 50 kW 
• 2 normal charging stations 22 kW 

Project partners

• ČEZ Distribuce
• ČEZ 
• ABB
• CISCO
• ORMAZABAL CURRENT
• SIEMENS

Use Cases tested
• Automated failure management on medium voltage network 
• Automated failure management on low voltage network 
• Island operation 

Table 14: Specification sheet of the Czech Demonstrator
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Automated failure management on LV network

The objective of this part of the Czech Demonstrator project was to: 
i) Test operation of selected section of LV network in interconnected topology between  

2 DTS (usually LV network is operated in radial topology);
ii) Enable automated localisation of fault to the smallest possible section by the change in 

conception of protection;
iii) Automate LV network reconfiguration.

The mentioned steps led to minimisation of the influence of the failure to the least possible 
number of customers (ideally eliminate the power outage completely) and reduced 
significantly the time needed for fault localisation and isolation. 
The Czech Demonstrator functionality of automated failure management in LV network 
needed installation of remote controlled circuit breaker, load break switches, RTUs, WiMAX 
in LV street cabinets. In case of the Czech Demonstrator, Local SCADA was used in order 
to secure automated solution. 
The goal of LV automation is to reduce impacts to customers by automated failure 
management in the case of failure in LV distribution network. This function is secured by 
determination of failure location and isolation thanks to remote controlled circuit breakers 
and load break switches which are installed in 6 LV street cabinets 

!  The full description of Automated failure management on LV network is included in 
 deliverable dD5.2.

Topology of LV grid in the Czech Demonstrator
The topology of LV grid where automated failure management is implemented is depicted 
on Figure 43. Communication with LV street cabinets is secured by WiMAX.

Figure 42: Presentation by the Czech Demonstrator leader 
GRID4EU Final Event (January 19, 2016)



Version 1.0

73

www.grid4eu.eu

3 – Specificities of the six demonstrators

Figure 43: Single-line diagram of LV network with automated failure management

The implementation of LV automation includes the following: 
• Replacement or modification of existing LV street cabinets in order to be able to include 

remote readable measuring beyond the main switch;

• Installation of current sensors on individual LV outgoing feeders with the possibility of 
remote reading of measured values;

• Installation of ‘’intelligent mini circuit breaker (CB)‘’ on individual LV outlets with the 
possibility of remote controlling as well as for remote setting of protection parameters;

• Installation and commissioning of 6 intelligent LV street cabinets.

LV street cabinets
Complete plastic LV street cabinets in pillars including equipment have been developed for 
the project.

LV street cabinet consists of two 2 parts:
Bottom part (see Figure 44) contains power technology (connection of LV feeders): circuit 
breakers, load break switches or fuse switch disconnectors, display (shows values of circuit 
breakers protection settings) and alternatively surge protection (installed in three LV street 
cabinets).

In upper part (see Figure 44) extra-low voltage (communication and control) technology is 
placed: RTU, WiMAX receiver with antenna and power supply. In order to evaluate climatic 
conditions inside LV street cabinet during real operation, two of them are equipped with 
temperature and humidity sensors connected to the RTU, whereas one of them is special 
coated protection against humidity. 

In order to secure backup power supply, it was necessary to ensure disconnection of 
all elements and send information about this status to the Local SCADA and Superior 
SCADA. 
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Figure 44: LV street cabinets used for LV automation

Automated failure management on MV network

The objective of this part of the Czech Demonstrator project was to:
i) Test operation of selected section of MV network in parallel topology (usually MV network 

is operated in radial topology)! 
ii) Enable automated localisation of fault to the smallest possible section by the change in 

conception of protection;
iii) Automate MV network reconfiguration. 

The above mentioned steps lead to minimisation of the influence of the failure to the least 
possible number of customers (ideally eliminate the power outage completely) and reduce 
significantly the time needed for fault localisation and isolation. 

The Czech Demonstrator functionality of automated failure management in MV network 
needed installation of remote controlled switches, load break switches, IEDs, RTUs and 
fault current indicators in DTS. In case of the Czech Demonstrator, Local SCADA was used 
in order to secure automated solution. 

Description of automated failure management in MV network

• In the case of failure in MV network, the mutual cooperation of IEDs guarantees 
localisation and insulation of fault by the breaking switches in disconnection points that 
are nearest to the fault. 

• In “non-disconnection“ DTS, the fault current indicators provide the information on the 
direction of fault current to the point of fault. 
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• Information about tripping of IED protection functions including the localisation of 
section with fault by fault current indicators and change of status of power components 
(switched-on/switched-off) is transmitted by RTU to the superior SCADA and Local 
SCADA. Local SCADA evaluates fault event and proposes manipulation sequence to the 
Superior SCADA operator (dispatcher or system operator). The manipulations lead to 
reaching the new network connection with minimal impact on power supply to the 
customers. (Local SCADA proposes reconfiguration of MV network.)

• After evaluation of situation by Superior SCADA, and based on all relevant operator, 
decision either to confirm manipulations proposed by the Local SCADA for restoring 
power supply in section not affected by failure to execute other manipulations according 
to his own decision. Decision about switching-on power components is always in 
operator’s competence. The reason is to keep maximum safety of persons located near 
the failure. 

• Upon approval of the manipulation sequence by the Superior SCADA operator, Local 
SCADA executes manipulations (switch-on/switch-off power components).

• At the end, supply of electric energy in MV grid section that is not affected by the failure 
is restored.

Return of MV grid to original connection (before failure) after the fault is repaired 

• Superior SCADA operator gives a command to Local SCADA to return the MV grid to 
state/connection before failure;

• Local SCADA proposes appropriate manipulations;

• If Local SCADA operator approves process of manipulations in Local SCADA, Local 
SCADA executes the manipulations. 

In alternative way, proposed manipulations are not approved by Superior SCADA operator. 
Superior SCADA operator then executes relevant manipulations according to his own 
decision.

Topology of MV grid in the Czech Demonstrator

In order to secure MV automation functionality according to dD5.2 description (automated 
failure management which minimise impact on customers in the case of failure; for the 
function description please see chapter 4.3 in dD5.2), new equipment allowing distribution 
network operation in parralel topology was installed in DTSs. 6 DTS in Vrchlabí were 
equipped by switches, RTUs and IEDs (and are called as disconnection points). Location of 
these DTS is apparent on Figure 38. Other “non-disconnection“ DTS are equipped with load 
break switches, RTUs and with fault currents indicators (IPP) on MV outgoing feeders. MV 
level automation is possible also due to implementation of communication routes which 
are apparent on Figure 45 and thanks to Local SCADA. For the detailed description of 
function, please see deliverable dD5.2. In total, 27 newly reconstructed DTS were equipped 
with components enabling the Czech Demonstrator functionalities.
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Figure 45: Topology of MV distribution network in Smart Region Vrchlabi

Islanding operation

The topic of islanding was selected to find a solution for areas prone to failures coming from 
both distribution system operator and climatic or geographical conditions (e.g. network 
with specific topology, local power generation or an area strongly influenced by climatic 
conditions – such as mountain areas). Islanding in terms of Smart Region project was tested 
on 10 kV and, after the distribution network reconstruction and voltage unification, also 
on 35 kV MV network in urban area Vrchlabí; the power supply during island operation is 
provided by the CHP unit (1.56 MW) connected within the island area (Liščí Kopec). The aim 
of the island operation was to test the capability of predefined network to disconnect from 
surrounding MV grid in the case of failure on a superior level of distribution network and to 
keep balanced operation of the island. Preconditions for successful islanding operation are 
connection of sufficient power generating unit, operation of communication infrastructure 
and deployment of automation equipment. 

The equipment must be capable to undertake three subsequent tasks: 
1) disconnect the predefined (island) area, 
2) balance of production and consumption of the island during the failure duration, and 
3) reconnect the islanding area to the standard MV grid.

For islanding operation functionality, components that are listed in communication 
topology scheme were implemented together with communication infrastructure (see 
Figure 46). Key components are CHP, AIO, IEDs. 
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Figure 46: MV network topology with depicted IO area

For successful islanding operation, the generator (in the CHP) must have ability to provide 
enough active and reactive power according to the need of load within the islanding 
operation area at every moment. At every moment, the amount of needed reactive power 
is determined by the topology and size of power consumption (number and type of 
transformers, length and type of cables, instantaneous consumption). At every moment, 
the amount of needed active power is determined by the instantaneous consumption of 
customers and by losses in distribution network. Generator within islanding operation area 
has to provide enough active and reactive power at every moment so that a fast dynamic 
behaviour of the generator is needed.
In Vrchlabí, the synchronous generator installed in CHP unit has nominal apparent power 
1931 kVA. The CHP unit nominal power output according to licence and according to 
contract for connection is 1560 kW. This means that the CHP synchronous generator is a 
little bit oversized.

According to active and reactive power diagram of synchronous generator, it seems that 
the ability for providing inductive reactive power is limited, but thanks to the inductive 
behaviour of the CHP unit self-consumption, the ability of providing inductive reactive 
power is wider than it appears. Vice versa the ability for providing capacitive reactive power 
is narrower than it appears (nevertheless the capacitive reactive power ability of CHP 
generator is wide enough).
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The maximum and minimum required active and reactive power within islanding operation 
area in Vrchlabí was measured by EGE (“Study – Island Operation Vrchlabí – Area Liščí 
Kopec, 2011“ – the study was included as an annex in dD5.2). Based on the information 
from measurement and from CHP unit active and reactive power diagram, it’s clear that 
the selected power source used in Vrchlabí (Marelli Generator MJB 500 MC 4) has suitable 
characteristics to provide sufficient active and reactive power for islanding operation area 
(reactive power load has inductive character).

P [kW] Q [kVAr]

summer maximum 950 240

summer minimum 350 80

winter maximum 1270 270

winter minimum 500 80

Table 15: Active and reactive power load within island operation 
area on LK (according to the measurement)

Synchrotact (synchronisation unit) has been located in 2015 in the switching station (new 
disconnection point). Synchrotact secures reconnection of the islanding operation area 
with the superior distribution network without power outage for customers. 
Solution for islanding operation was realised together with the implementation of Automated 
failure management on MV because both functionalities use most of components together. 
The CHP unit was modified in order to enable stable islanding operation functionality. The 
area of islanding operation includes 7 DTS and is depicted on Figure 47.

Figure 47: 35 kV MV network topology with depicted Islanding Operation area
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DER ancillary services on MV network

Volt-var control of CHP unit on MV has a potential to contribute to the mitigation of voltage 
problems which could be caused by DER in distribution networks. The idea was to stabilise 
the voltage in MV network thanks to the targeted delivery or consumption of reactive power 
of CHP unit. The Czech Demonstrator took advantage of the fact that CHP unit 1.6 MW (the 
same unit which is used in case of island operation) has a wide capability of provision of 
reactive power. Thanks to this, volt-var control on MV is possible.

For this purpose, the communication 
between ČEZ Distribuce dispatching centre 
and CHP unit control system is needed. 
The Czech Demonstrator took advantage 
of the fact that all DER over 100kW must 
be equipped by RTU which secures such 
communication (by GPRS and by one-way 
simple PLC ripple control system). Control 
system of DER which has a connection to 
RTU must be capable to curtail active power 
in steps in case of emergency situations 
in transmission system in Czech Republic 
(for such situations it must be possible to 
reduce the level of active power which is 
fed by DER into the distribution system) 
and to send measured values from DER 
installation (voltage, active power, reactive 
power, currents, status of breakers etc). 

DER ancillary services on LV network

For LV, as a first step of this task, ČEZ Distribuce investigated the number of possible PV 
prosumers which are technically suitable for volt-var and volt-watt control participation in 
the area of Vrchlabí. 

Then, ČEZ Distribuce made an effort to recruit PV prosumers with PV inverters which are 
technically suitable for Q(U) volt-var control implementation (prosumers with PV inverters 
which fulfill standards EN 50438 or CLC/TS 50549-1). Then, all relevant PV prosumers 
(customers with rooftop PV installations) were contacted and informed about advantages 
of participation in Smart Region project and about the impact of the project on their PV 
installations. Later, PV prosumers were asked for participation and for consent with change 
of their PV inverters settings. 

Figure 48: Installation of RTU dedicated 
to volt-var control of CHP unit
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Figure 49: Volt-var function setting which was activated 
on 2 PV installations (with Fronius PV inverters)

Setting of the Q(U) function according to Figure 49 means that if the voltage is below 230V, 
PV inverters start to produce reactive power in order to rise the voltage, the maximum 
reactive power is produced when voltage drops below 223.1V (97% of Un). 

If the voltage is over 236.9V, PV inverters start to consume reactive power in order to decrease 
the voltage, the maximum reactive power is consumed when voltage rise over 243.8V.

Summary of Smart Grids technologies vs. Use Cases

The Table 16: Breakdown of the Smart Grids technologies per Use Case in the Czech 
Demonstrator shows the mapping between the main Smart Grids technologies and the 
Use Cases.

Automated failure 
management  

on LV network

Automated failure 
management  

on MV network

Islanding 
operation

Local SCADA X X

Island Operation Automatics X

IED X X

RTU X X

CHP unit X

Remote controlled circuit breakers X
Remote controlled switches 
or load break switches

X X

WiMax X

IEC 61850 (GOOSE message) X X

Failure detectors X

Table 16: Breakdown of the Smart Grids technologies per Use Case in the Czech Demonstrator



Version 1.0

81

www.grid4eu.eu

3 – Specificities of the six demonstrators

 3.6 The French Demonstrator

The French Provence Alpes Côte d’Azur (PACA) region has significant potential in terms of 
solar energy. PACA is the French region that has the highest photovoltaic (PV) generation, 
with 1126 GWh produced between July 1, 2014 and June 30, 20159. The installed capacity 
in PACA is of 809 MW

p
 on June 30, 2015. This capacity would need to triple in the coming 

years, as the Climate, Air and Energy Regional Plan of the region has set a target of 2,300 
MW in photovoltaic capacity by 2020. Given that 95% of installations are connected to the 
distribution networks managed by ERDF, a “bottom-up” injection from this intermittent and 
decentralised power source could be the cause of power and voltage constraints. 
In addition, the town of Carros has one of the largest industrial zones of the region (with 
more than 550 companies) along with diversified residential areas. Finally, the region only 
produces 10% of its electric consumption. These features make the town perfectly suited 
to the various aspects of the pilot project.

Figure 50: Energy context of PACA region10

Along with a high integration of intermittent production generated by photovoltaic 
facilities (i.e. 2.5 MWp of PV are installed, including 110 residential installations, within a 
11,500-inhabitant city), this demonstrator will enable the optimisation of the electricity 
management at a territory scale (neighbourhood, city), not only at DSO and TSO levels but 
also for consumers and producers. The main objectives are:

9. Panorama de l’électricité renouvelable au 30 juin 2015: http://www.rte-france.com/sites/default/files/
2015_06_30_rte_panorama_elr_juin2015.pdf
10. Source : ERDF, RTE
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• Designing a significantly sized Smart Grids with storage devices and a massive integration 
of photovoltaic production enabling to test several distributed resources control levels; 

• Quantifying the impact of coordinated actions over the grid capacity to absorb the 
transited energy, while maintaining the quality and security expected on the regional grid;

• Favouring the emergence of new consumers’ sustainable behaviours, testing the supply-
demand adjustment according to network flexibility constraints and deposits. 

Specification sheet

 DEMO6                  ERDF

Location Carros, PACA region, France

Demographic density Semi-urban/Urban 

Project scope

• 1 primary substation (HV/MV)
• 4 MV feeders for a total of 60 km
• 88 Secondary Substations (MV/LV)
• 5300 LV customers

Climate Warm and stormy (Mediterranean)

Specific conditions

• High integration of distributed photovoltaic production (2.5 MWp)
• A high dependence to the transmission grid (90% of external production)
• Radial and long low voltage feeders in suburban areas, sometimes subject of 
voltage constraints
• One of the largest industrial area of the PACA region (+550 companies)

Project partners

• ERDF 
• ARMINES
• EDF S.A
• GE Grid Solutions

Use Cases tested

• Peak demand reduction
• Integrate massive PV production on LV network
• Encourage residential customers to adopt smarter habits
• Islanding of a low voltage area

Table 17: Specification sheet of the French Demonstrator
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Figure 51: Overview on the French Demonstrator

The Linky smart meters 

2,300 Linky smart meters were deployed in the town of Carros between May 2012 and 
February 2015. It represents half of the electrical “Points of Delivery” lower than 36 kVA 
in Carros. The customers concerned are those of the seven French Demonstrator’ solar 
districts, in particular the photovoltaic (PV) generation installations and the customers of the 
load-shedding area: SMEs11 (subscribed power lower than 36 kVA), individual and collective 
housing and street lighting.
The index data, load curves at 10 - and 30- minute intervals, maximum power reached and 
targeted voltage excursions are collected daily and used in the many applications of the 
French Demonstrator.
The smart metering system has also made it possible for commands to be sent from the 
aggregators to the customers participating in the project.

Figure 52: SME meter (left) and Linky meter (right)

11. Small and Medium-sized Enterprises



Version 1.0

84

www.grid4eu.eu

3 – Specificities of the six demonstrators

The Linky smart meter is able to receive orders and transmit information remotely. To 
do this, it communicates to a data concentrator, a kind of mini-computer installed inside 
transformation substations managed by ERDF. The data concentrator is linked to the ERDF 
supervision centre.

Figure 53: Linky advanced metering architecture

The French Demonstrator makes clear the need of the “Linky” smart metering system as the 
building block for implementing Smart Grids features. The functions offered by the Linky 
smart meter serve the needs of:
• Carros residents, who are billed on the basis of actual consumption and are no longer 

disturbed by meter readers;

• customers taking part in the project, who are able to monitor their daily consumption 
and benefit from innovative offerings such as the solar bonus in the summer;

• energy suppliers, who use smart metering system services to send energy-usage 
guidance information to their customers and are able to analyse customer responses to 
these information requests by way of smart meter data;

• the DSO, which is able to gain better visibility into the low voltage grid and operate on 
distribution systems with greater precision.

The grid storage assets 

There are three types of grid storage units installed:

Primary Substation Storage
Located at the primary substation that feeds the Carros area, the storage facility is composed 
of three components:
• The 20 kV/500V transformer (1000 kVA);
• The 1000 kW converter;
• The battery of 1,000 kW/560 kWh.

Secondary Substation Storage
This storage unit (250 kW, 620 kWh) is close to the MV/LV substation that supplies   8 
commercial customers, with peak consumption of about 250 kW and a solar PV production 
capacity of 430 kWp.
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Figure 54: Grid storage assets

LV Grid Storage
There are two storage units (both 33 kW, 106 kWh) connected to the LV network, about 
400m away from their respective secondary substations in order to maximise their effect 
on the voltage profile on the related feeder.

These storage systems are connected to dedicated feeders with a HMI that allows the 
operator (DSO) to manage it, including:
• Send load/unload remote orders;
• Remote operation of the main circuit breaker;
• Get alarms’ data;
• Collect information on the battery status.

Storage type Number Location
Grid 

connection
Use Case

Space
required

Primary substation storage 
- 1 MW/560 kWh

1
Primary 

substation
MV (direct 

feeder)
Peak demand 

reduction
170 m²

Secondary Substation 
Storage – 
250 kW/620 kWh

1
Secondary 
substation

LV (direct 
feeder

Peak demand 
reduction, PV 

integration, islanding

65 m² 
(battery only)

LV Grid Storage – 
33 kW/106 kWh

2
Low voltage 

grid
LV (feeder)

Peak demand 
reduction, PV 

integration
50 m²

Table 18: Typology of grid storage units used in the French Demonstrator
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The residential batteries 

One of the objectives of the French Demonstrator is to assess the effectiveness of electricity 
storage in order to reduce imbalances between electricity generation and consumption in 
an urban district:
• Reduction of demand peaks in winter;

• Reduction of solar output peaks in summer.

To this purpose, 18 residential producers of solar power volunteered to install a system 
consisting of a 4.6 kW SMA converter and a Saft Li-Ion 4 kWh battery.

Figure 55: Battery installed at customer premises

The residential power storage system is designed more specifically to:

• Store the electricity generated by the solar panels of the homes between the hours of 
noon and 4pm on the 40 sunniest days in summer (called “solar days”).

• Use the electricity stored in the batteries on the 20 peak demand days (coldest winter 
days) between 6:00 and 8:00pm to reduce residential peak demand and contribute to 
reducing CO

2
 emissions.  

• Store the electricity, apart from “solar days” and “peak days”, when electricity rates are 
lower (Off-Peak Hours) for later use when the rates are more expensive (Peak Hours), for 
participants with a Double Tariff electricity supply contract (Off-Peak Hours/Peak Hours 
tariff).12

• Store the residential PV generation surplus, apart from “solar days” and “peak days”, for 
later use in the evening when solar output decreases, for participants with a Single Tariff 
electricity supply contract (Base load tariff).13

12. Functionality tested in DEMO6 as a complement to the Uses Cases initially planned in the project.
13. This functionality, a complement to the Uses Cases initially planned in the project, was tested only partially during 
the experiment.
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The process of charging and discharging of the batteries installed at the homes of the 
French Demonstrator’ customers is controlled automatically, either remotely by the EDF 
platform via an “Energy Box” connected locally to the converter, or locally by this Energy 
Box, apart from “solar days” and “peak days”.
The “solar days” and “peak days” when the system is controlled remotely by EDF are 
determined on the previous day without requiring any special intervention from the 
experimenting customers, who are however informed via email or text message about the 
use of their storage device.
Conversely, the daily automated battery control on “normal” days (i.e. excluding peak days 
and “solar days”) is carried out locally and is fully transparent for the participant.

Innovative offers

Within the French Demonstrator, three experimental trials were offered to residents of solar 
districts in the town of Carros to attempt to balance output and demand and optimise the 
solar resource. These offers are adapted to various consumer profiles, enabling all residents 
to participate according to their consumption habits and electrical appliances.

l Solar Bonus offer (SBO): During the 
40 solar days in summer 2014 and 2015, 
indicated by alerts sent on the previous day 
via text and/or e-mail messages, EDF invited 
its volunteering customers to shift their 
electricity consumption during solar hours 
between noon and 4:00pm. At the end 
of each summer, EDF sent the customer 
a gift-voucher for a tariff equivalent to the 
off-peak tariff for their power consumption 
during solar hours.

l Smart Water Tank (SWT): As a 
complement to the previous offer for 
equipped consumers, the system provides 
for optimum remote control of the hot 
water tank based on the local solar power 
output, without any impact on comfort.

l Smart Solar Equipment (SSE): This offer 
includes the generation of solar PV power 
via panels installed on the roof and energy 
storage in a battery.

Table 19: Experimental trials offered to residents of solar districts 
in the French Demonstrator



Version 1.0

88

www.grid4eu.eu

3 – Specificities of the six demonstrators

Solar Bonus 
(SBO)

EDF send alerts the previous day via text and/or e-mail messages and a mobile 
peak to the Linky Information System.

Smart Water 
Tank (SWT)

The heating or non-heating status of a servo-controlled water tank is linked to 
the dry contact.
• When the dry contact is closed, the tank is powered and heats up.
• When the dry contact is open, the tank is not powered and does not heat up.
The tank heating schedule is pre-programmed and depends on the customer’s 
contract (for double tariff customers, the dry contact is alternatively closed and 
open, and for single tariff customers, the dry contact is always closed).
To control the hot water tank, EDF sends a Linky mobile peak signal via the B2C 
aggregation platform, in order to modify the status of the dry contact during the 
desired time period.

Smart Solar 
Equipment 
(SSE)2

Experimental users who signed a “Smart Solar Equipment” contract agreed for 
the installed battery to be automatically controlled by EDF Commerce (via EDE-
LIA IT system).
This automatic control requires the installation of an Energy Box EDELIA 
gateway which receives a controlling signal from the B2C aggregation platform. 
It communicates with the SAFT battery via the SMA converter. It retrieves data 
from the MC11 TIC sensor in the off-take meter, and from the MC11 TIC sensor 
in the feed-in meter of the experimenter’s PV system.

Table 20: Communication behind the experimental trials offered 
to residents of solar districts in the French Demonstrator
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In the context of the French Demonstrator, support was provided to experimental customers 
via the following measures:
• Promotion of solar power installations via technical support and strict monitoring of the 

installation of solar PV panels, with assistance from the Centre Scientifique et Technique 
du Bâtiment (CSTB), thereby preventing any “counter-references”;

• Solutions to control home appliances, designed to shift or reduce power consumptions, 
supported by the Linky smart meter;

• Display solutions to visualise summer production peaks and regulate consumption;

• Recognition by the network operator of the value of all individual efforts to contribute 
significantly to the balance of the electric system and also deliver benefits for the 
consumer (extra remuneration).

The Network Energy Manager (NEM)

The Network Energy Manager (NEM), using solar generation and load forecasts, tests a new 
model of interactions between different energy actors: consumer, commercial aggregators, 
battery aggregator, Distribution System Operator (DSO) and Transmission System Operator 
(TSO). The NEM consists of a state-of-the-art, cyber secured IT platform that organises a 
market mechanism for localised flexibility. The NEM can be also called DERMS (Distributed 
Energy Resources Management System). It brings together actors in their role as flexibility 
aggregators for their prosumers with the grid operators (DSO and TSO) that buy flexibility 
for operating their grids. The flexibility offers, proposed by aggregators, allows mitigation 
of network grid constraints, such as over voltage and backfeed on the distribution grid in 
summer, or alleviation of circuit overload during winter peak load situations. It enhances 
system reliability and congestion management while being interconnected with the main 
grid.

It gathers components and services to address solutions required in the field of Distributed 
Energy Resource Management Systems (DERMS). The following functions have been set 
up in the NEM (non-exhaustive):

• Providing simple, transparent and efficient flexibility request to aggregators;

• Allowing aggregation of offered flexibility at both DSO and TSO levels to allow activations 
that can have an impact on constraints located either on the distribution or transmission 
grid;

• Adaptation to changes in the distribution grid topology, congested area, installation of 
renewable energy generators, batteries and flexible demand;

• Interface to renewable generation forecast and local consumption forecast in order to 
determine in advance power quality issues;

• Capability to run in close loop, so that violated constraints in the distribution grid are 
solved automatically by using flexibility services at the lowest cost;

• Providing situational awareness to operators with a user interface that allow drilling down 
into a specific region, which the operator is analysing.
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Figure 56: Architecture of the Network Energy Manager

The Network Energy Manager is deployed in the data centre of ERDF interconnected 
with the IT systems of the aggregators over the Internet. Operated by ERDF, it analyses 
the network conditions in the Carros region on a daily basis to identify situations where 
corrective actions can contribute to reduce grid constraints.

A typical operating day in the French Demonstrator is scheduled as follows:

• Before 11:00am: TSO and DSO determine their required power needs. The latest weather 
forecast and metered data are used to forecast the individual loads and PV production in 
each microgrid for the next day;

• Until 1:00pm: The NEM determines the power requests and publishes them for 
aggregators;

• Until 3:00pm: Aggregators re-optimise their asset portfolio and post their flexibility offers;

• Until 3:30pm: the NEM matches flexibility demand and offers. The operators can either 
manually select what they need or ask for fully automated selection;

• At 6:00pm: All aggregators are informed if their flexibility offers have been reserved;

• During the delivery day, flexibility is called by the grid operators when needed. Aggregators 
adapt the load of their assets accordingly.

The load forecast algorithm 

Load forecasts are a key input to the NEM to determine the current state of the grid. 
They are compared with the forecasts for the distributed renewable generation and allow 
anticipating for mobilising the flexibilities offered by the various aggregators accordingly.
Every day, a processing sequence calculates the half-hourly consumption forecasts for 
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3 – Specificities of the six demonstrators

that day and the following day. These forecasts concern load curves for around 620 small 
LV customers (3-36 kVA), five major industrial customers (42-420 kVA) and six secondary 
substations. This sequence automatically runs from start to finish every day, from acquiring 
real-time consumption data in to generating forecasts for the NEM. It runs every morning 
at 4:00am (local time) in the summer (5:00am in the winter) so that the results are ready 
for the NEM before 10:00am. 

!  More information on the deployed architecture can be found in the spotlight on the 
 load forecast in the French Demonstrator.

The PV production forecast algorithm

Forecasts are calculated for both small producers equipped with Linky and large producers 
equipped with an industrial meter.

Parameter Value

Number of PV producers 120

Update frequency 24 h

Forecast time horizon 48 h

Time definition 30 min

Table 21: Value of parameters 
of the PV production forecast algorithm

The operation of the forecasting tool can be summarised as follows:

1) The forecasting tool collects weather forecasts (Numerical Weather Predictions, NWP) 
for the region in question;

2) The forecasting tool collects the most recent production curves for photovoltaic 
producers;

3) The forecasts are calculated from two inputs using an algorithm based on digital learning.

The solar transformer

In order to prevent voltage violations (an OLTC transformer has no effect on power 
constraints) and keep an optimal voltage regulation in winter within the French Demonstrator, 
an innovative function was added to the basic voltage regulation (around 404V) ensured 
by standard OLTC regulating transformers. This function consists in fine-tuning the voltage 
set point according to a set of parameters and inputs that includes real-time solar radiation, 
used as an indicator of the amount of PV energy being produced. This enhanced control 
allows varying voltage set point that takes into account the amount of PV energy being 
produced, including reaction to real time perturbations (e.g. temporary reduction in PV 
production due to a cloud). Hence, such smarter voltage regulation allows even more PV 
integration in the downstream LV grid.
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3 – Specificities of the six demonstrators

The OLTC regulating transformer comprises 3 parts:
• A MV/LV transformer together with its OLTC;

• A solar radiation sensor installed on the roof of the substation;

• A controller that calculates the LV voltage set point to be applied at the secondary winding. 
The controller receives two signals as inputs: one from the solar radiation sensor which 
allows real time fine-tuning of the set point, and a second one from the NEM which 
allows the potential for direct control from the central system.

Figure 57: The smart transformer, the solar radiation sensor  
and the Electronic controller box

The requirements for voltage regulation are illustrated in the Figure 58: Illustration of a 
representative day of Smart Voltage Regulation with varying solar power and a request from 
the NEM14.

Figure 58: Illustration of a representative day of Smart Voltage Regulation 
with varying solar power and a request from the NEM14

14. Source : ERDF
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3 – Specificities of the six demonstrators

In the absence of solar radiation, there is no risk of overvoltage potentially induced by 
the PV production: the voltage set point can be increased to 420V in order to enhance 
the quality of supply by limiting the risk of under voltage at peak time (mostly during the 
evening and in winter in residential areas). At the time of high solar radiation, the voltage 
set point is decreased to 404V to increase the possibility of PV deployment without risk of 
overvoltage.

Additionally, the Network Energy Manager (NEM), which carries power flow analysis 
and network state estimation, is able to submit special requests to the OLCT regulating 
transformer in order to adapt the voltage set point to current grid state.

The solar transformer can be used in an active or passive way by:

• Computing by itself an optimised value for the voltage set point based on the data 
received from the light sensor;

• Applying the set point sent by the Network Energy Manager (NEM).

!  More information can be found in the spotlight on the smart transformer implemented 
 in the French Demonstrator

Summary of Smart Grids technologies vs. Use Cases

The Table 22: Breakdown of the Smart Grids technologies per Use Case in the French 
Demonstrator shows the mapping between the main Smart Grids technologies and the 
Use Cases:

Peak 
demand 

reduction

Integrate massive 
PV production 
on LV network

Encourage residential 
customers to adopt 

smarter habits

Islanding 
of a low 

voltage area

NEM X X X

Linky meters X X X

Storage assets X X X X

Innovative offers X X X

Load forecast algorithm X X X X

PV production forecast 
algorithm

X X X

Solar transformer X X

Table 22: Breakdown of the Smart Grids technologies per Use Case 
in the French Demonstrator
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 4  Technical Results 

 4.1 Active demand

The integration of smart customers is the Cluster 1 of the EEGI roadmap15. As stated in the 
introduction of this report: “All aspects of Smart Grids development will ultimately impact 
consumers: Smart Grids technologies will directly touch residential and small business 
consumers, since a Smart Grids must enable devices that will allow these consumers to 
gain greater control over their electricity usage to lower costs, improve convenience and 
support growing environmental awareness.” 

Thus, Active Demand is the active participation of domestic and small & middle commercial 
consumers in power system markets and the provision of services to the different power 
system participants, by means of real time (20-30min) interaction based on price and/or 
volume signals. From the customer side, Active Demand provides an opportunity to play 
a significant role in the operation of the electric grid by reducing or shifting the electricity 
usage during peak periods in response to time-based rates or other forms of incentives. 
Such programs can lower the cost of electricity in wholesale markets, and in turn, lead 
to lower retail rates. Active Demand programs bring flexibilities used by electric system 
planners and operators as resource options for balancing supply and demand.

Two demonstrators out of six worked on this workstream:

• IBERDROLA in Spain, with the “customer engagement” Use Case

• ERDF in France, with the Use Cases:

- “Manage maximised PV integration”

- “Reduce power demand”

- “Encourage resident to adopt smart habits”

Before the description of the Demonstrators’ results, you can find below the big picture of 
tested solutions.

15. European Electricity Grid Initiative Research & Innovation roadmap 2013-2022 - 
 http://www.gridplus.eu/Documents/20130228_EEGI%20Roadmap%202013-2022_to%20print.pdf
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Involving 
recruitment

Active 
participation

Built 
on AMI

Smart appliances 
or devices

Customer 
Consumed Energy 

Reduction

Integrating 
renewable 

energy

Spanish 
Demonstrator
(urban area)

X

X
(in particular 

price 
responsive)

X
X

(e.g. In Home 
Display)

X

French 
Demonstrator
(semi-urban/
urban area)

X
(including 

also 
industrial 

customers)

X
(in particular 

price 
responsive)

X
X

(e.g. Smart 
water tank)

X X

Table 23: Big picture of solutions tested by GRID4EU on Active Demand

The results, further detailed in the next chapters, show that the participation of bigger 
costumers (companies, industries, big generators, etc) is more favourable with respect 
to small customers (domestic, etc), but these results could be affected by specific local 
conditions and have to be further investigated. 
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 4.1.1 Clients’ peak shaving in the French Demonstrator

Studies carried out by RTE (the French TSO) have shown that 90% of the power consumption 
in the French Riviera (Var and Alpes-Maritimes departments) depends on the supply by the 
transmission grid. In France, only Britanny and the eastern part of the Provence-Alpes-
Côte d’Azur region are in this situation16. One of the aims of the French Demonstrator was 
therefore to investigate the power reduction at this primary substation between 6:00 and 
8:00pm, i.e. the time slot for the local and national load peak. 

Power reduction has been performed through battery storage and active demand through 
offers to residential customers and businesses.

Two experimental solutions were offered by EDF to volunteering residential customers:
• Electric Heating Control via the Linky smart meter, designed to switch off or cut down the 

heating system for a short time during peak periods without impacting the participant’s 
comfort;

• Behavioral Load Management: in the winters 2014 and 2015, households which 
significantly decreased their power consumption between 6pm and 8pm (during 20 
peak demand days) received gift-vouchers in reward for their efforts. 

The following solutions were offered by EDF to participating businesses and local authorities:
• Controlled Load Management offer via remote control of their energy uses (heating, 

HVAC, domestic hot water, etc) and/or processes (steam ovens, refrigeration units, 
furnaces, etc), together with remote consumption tracking;

• Behavioral Load Management offer controlled manually following load management 
requests.

Following a recruitment campaign, 217 volunteer households (out of an eligible 
population of 1,700) and 12 industrial customers (i.e. all of the approached 
businesses with subscribed power above 250kW) participated in the experimental 
trial in Carros during the winters 2014 and 2015. 40 households even accepted to 
have electric heaters controlled by the smart meter LINKY and dedicated devices 
during peak periods. 
The overall peak reduction was higher than 500 kW of peak reduction17.

Peak shaving by businesses

The total sum of contributions from businesses reached 301kW on average, ranging from 
184 to 483kW per session, i.e. equivalent to a relative demand reduction of 3% to 9%. 

16. Source : Lancement du dispositif Ecowatt Provence Azur 
 (http://www.ecowatt-paca.fr/wp-content/uploads/2013/11/Dossier_de_presse_EcoWatt_Provence_Azur.pdf)
17. Equivalent of 2.5% of Carros global consumption
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The main motivations for businesses to participate were largely based on the issue of 
security of the electrical grid in the PACA region (regarded as an “electric peninsula”), and 
fears of a black-out that would have considerable impacts on the local industrial fabric. In 
their views, the French Demonstrator is a legitimate initiative in the context of a responsible 
and good corporate citizen approach. Participation in GRID4EU is also regarded as an 
opportunity to investigate issues of energy management and to prepare for any potential 
problems of energy supply, by identifying in advance the useful drivers along with technical 
and organisational solutions to be implemented. 

The principle of demand side management is seen as legitimate and accepted all the more 
if the process is occasional and limited. However, the businesses are expecting financial 
incentives to bring things further.

Peak shaving by residential customers

On peak demand days, residential customers reduced their power consumption by 21% 
on average18, between 6:00 and 8:00pm. 77% modified their consumption behaviour in 
winter 2013/2014, versus 60% in winter 2014/2015. The graph below shows the average 
consumption of participants on a peak day and on a standard day  (results from winter 
2013/2014).

Figure 59: Average consumption of participants on a peak day 
and on a standard day (results from winter 2013/2014)

The sum of the various individual contributions is thermo-sensitive. The mean value of 
the sum of individual contributions was 40kW in winter 2013/2014 versus 25kW in winter 
2014/2015 (average outdoor temperature 10.3 °C). 

 

18. Results obtained from an analysis of the load curves of 180 participants
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Participating households show a positive outlook on the experiment: in their view, it 
provides for enhanced energy management on a local level. The challenge of energy 
demand management during winter peak periods was well perceived. For the load 
shedding offers to residential customers, the “good citizen” attitude was valued as much as 
(if not more than) the financial reward offered in the form of incentive vouchers. However, 
adapting practices does not necessarily lead to any real impact on the energy bill. The Load 
Management Bonus (€20 to €40 depending on offers and efforts) paid as an incentive to 
encourage participants to reduce or postpone their power consumption during peak days 
was actually found to be higher than the estimated value of energy savings.

Even though residential participants were highly engaged, with a 21% average electricity 
cutback, their contribution in terms of power was low as compared with the contribution 
from businesses and batteries placed on the grid. Moreover, even with a good response, 
the impact on the customer bill stays low (between 15 and 30 € of savings related to load 
shedding on average by household during the winter).

!  More results can be found in the deliverable dD6.9 (See appendice).
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 4.1.2 Residential clients’ PV integration in the French Demonstrator

Massive feed-in of renewable energies like solar PV into the grid in southern France leads to 
the emergence of new issues for the electrical system. A solution consists in adapting the 
consumption to the local solar power output, by inviting customers to play a much more 
active role. Because solar power output is dependent on the weather and uncontrollable, 
there may be a time lag between its production and daily use by the town residents. When 
sunshine is the highest in the summertime (between noon and 4:00pm), solar panels 
generate a high level of electricity, but the power is consumed primarily outside of this 
time range. 

Three experimental trials were offered to residents of “solar districts”, area with a significant 
PV penetration, in the town of Carros to attempt to balance output and demand and 
optimise the solar resource:
• Solar Bonus offer: During the 40 “Solar Days” in summer 2014 and 2015, indicated by alerts 

sent on the previous day via text and/or e-mail messages, EDF invited its volunteering 
customers to shift their electricity consumption during “Solar Hours” between noon 
and 4pm. At the end of each summer, EDF sent the customer a gift-voucher for a tariff 
equivalent to the off-peak tariff for their power consumption during Solar Hours;

• Smart Water Tank: As a complement to the previous offer for equipped consumers, the 
system provides for optimum remote control of the hot water tank based on the local 
solar power output, without any impact on comfort;

• Smart Solar Equipment: this offer includes the generation of solar PV power via panels 
installed on the roof and energy storage in a battery. 

These offers are adapted to various consumer profiles, enabling all residents to participate 
according to their consumption habits and electrical appliances.

76 households participated in the summer trials in 2015 in the seven solar districts (i.e. 15% 
of eligible households19). In households who tested the Smart Water Tank offer, a difference 
of 56% on average was recorded in their consumption between a solar day and a “normal” 
day between the hours of 12:00 noon and 4:00pm (i.e. 2.4 kWh). 

19. Eligible household: resident of one of the solar districts fitted with Linky smart meters
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Figure 60: Averaged daily load curves with and without request  
for participants testing the Smart Water Tank (SWT) offer

In households who tested the solar bonus offer, a difference of 22% on average was 
recorded in their consumption between a solar day and a “normal” day between the hours 
of noon and 4:00pm (i.e. 0.35 kWh). 

Figure 61: Averaged daily load curves with and without request  
for participants testing the Solar Bonus offer
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During the summer, the encouragement to postpone some daily household tasks to 
solar hours proved fruitful. Efforts addressed essentially the use of household appliances 
(dishwasher, washing machine, etc.) and to a lesser extent ovens, vacuum cleaners, irons 
and swimming pool filtration systems. 

For experimenters, financial opportunities coexist with the wish to participate in collective 
efforts, to act as good citizens and contribute to improving the security of supply. The 
unpredictable nature of alerts was not perceived as a major constraint or an obstacle to 
postpone power consumption. The presence of someone at home and the ownership of 
programmable appliances were also factors facilitating participation.

Moreover, an important variability of the client response from one day to another (+5 to 
+25 kW in the 6 solar districts during solar afternoons) can be observed. For example, on 
Saturday, the flexibility potential is higher than the week days. The ability to forecast the 
flexibility level that can be expected is strongly hampered by this variability.

Figure 62: Average consumption during solar afternoons  
in the six solar districts – summer 2015

At the LV scale, the use of the French Demonstrator solutions seems relevant provided they 
are deployed at producers’ premises. Activation of flexibilities at all distributed residential 
producers has a significant impact on the LV profile:
• By addressing the (surplus) output at source;
• By solving the issue of the constrained phase;
• By allowing for the development of real-time local servo controls (e.g. to store at each 

second only the surplus power generated) based on the measurement of voltage or 
sunshine (even if the PV production forecast reliability presents limitations today). 
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However, they could prove less efficient when a majority of customers are absent from 
their homes, and therefore do not consume or do not store power. Other drivers might 
then be necessary, such as a feed-in reduction of solar power.

To improve the economic balance, it would seem necessary to coordinate the local and 
national optimisation processes and to look for additional value during the days of the year 
not concerned by the tested Use Cases.

!  More results can be found in the deliverable dD6.9 (See appendice)
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 4.1.3 Customer engagement in the Spanish Demonstrator

The Spanish Demonstrator enhanced the awareness of the customers about their 
consumption and network situation in the “Customer Engagement” Use Case. Iberdrola 
looked for going further the deployment of Smart Meters by providing end-users with direct 
feedback on their energy consumption through In-Home Displays. 
This also paves the way towards a two-way communication allowing:
• Energy suppliers to offer new and innovative products, potentially contributing to energy 

savings, such as Time-of-Use (TOU) tariffs and Critical Peak Pricing (CPP);

• DSOs to have more concrete information on where the power is flowing.

To enable it, a customer recruitment campaign for the “Customer Engagement” program 
took place from September to November of 2014. During this period, 2336 phone calls 
have been performed in 360 hours along 30 days. The results of this initiative can be found 
in the Figure 63.
At the beginning of the recruitment campaign, a list of more than 6000 customers was 
prepared to do the selection of the 200 consumers needed for the field trial. From this list, 
2336 customers were contacted. The rest were not contacted or the communication wasn’t 
possible because of different reasons: the phone ringed and there were no answer or there was 
an answering machine, or the dialled number was incorrect or the number belonged to a fax 
machine or other similar cases. 

During the phone calls, it was checked whether the customer fulfil the requirements, resulting 
in 980 eligible customers. Finally, from this set only 360 were willing to be part of the program. 

Considering the customers that received the phone calls (2336) and the number of customers 
that finally accepted to be part of the program (360), the recruitment campaign had a 15% of 
success. However, if it is considered only those customers that fulfil all the requirements (980), 
the campaign had a 37% of acceptance.

In the next bar graph the word “NONE CONTACTED” stands for those attempts that finished 
without speaking with the customer. “CONTACTED” means that a conversation has been 
initiated and that there is no room to call these customers again, since they have accepted/
rejected to participate or were rejected because they do not fulfil the requirements.

Figure 63: Results of the customer recruitment campaign in the Spanish Demonstrator
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To analyse the commitment of residential customers towards a more responsible and 
efficient energy consumption behaviour, four consecutive phases have been experimented:
• Phase I (two months): with fix price tariff regime, the customers are provided with their 

real time consumption information through the IHD.

• Phase II (two months): with fix price tariff regime, the customer receives in their IHD 
several saving tips in order to promote efficient energy consumption, e.g.:

-  “PUT THE HEAT ON 20º-22º. EVERY ADDITIONAL ºC INCREASES THE CONSUMPTION 
IN 6%”.

- “EVERY TIME YOU OPEN THE OVEN IT LOOSES UP TO 20% OF ITS HEAT”

- “USE COLD WASH, MOST OF THE CONSUMED ENERGY IS FOR HEATING WATER”.

These saving tips were sent via email and a short version was sent directly to the IHD.

• Phase III (three months): The customers are introduced into a three period tariff. The 
prices of the tariff and their period can be consulted in the IHD.

• Phase IV (five months): On the basis of the three period tariff regimes, the customer 
is notified with two days ahead of peak and valleys prices randomly scattered along 
the PHASE. The notification of the upcoming special day was sent to the customers via 
email, IHD and SMS.

Figure 64: Customer Engagement phases

Following the experimentations, the response of each customer in terms of energy 
consumption compared with historical data has been analysed. The analysis is performed 
with hourly incremental energy consumption. Weather conditions change from one year 
to another. The climate differences between 2014 and 2015 at this location have been 
analysed and the result is that they are not relevant for this study.

The Table 24 shows the percentages of participants that had reduced their energy 
consumption in less than 10%, 20%, 30% and so on (see the part of the table coloured in 
green). Adopting the criteria of “more than 20% of reduction” in order to consider whether 
a participant is active, the figures presented in this table show that in PHASE I, 26.7% of the 
participants can be considered as active actors of the program. In PHASE II and PHASE 
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III, this percentage falls to 5.3% and 6.0% respectively. Finally, the percentage of active 
participants in PHASE IV is 10.7%.

Reduction of Energy Consumed Increment of Energy Consumed

>50% <50% <40% <30% <20% <10% Total 0% Total <10% <20% <30% <40% <50% >50%

Phase I 2.7% 2.7% 6.0% 15.3% 17.3% 15.3% 59.3% 19.3% 21.3% 4.7% 10.7% 2.0% 0.7% 0.7% 2.7%

Pase II 0.7% 0.7% 0.0% 4.0% 11.3% 7.3% 24.0% 20.0% 56.0% 15.3% 14.7% 11.3% 4.7% 4.0% 6.0%

Phase III 0.0% 0.7% 1.3% 4.0% 16.0% 14.0% 36.0% 26.0% 38.0% 14.7% 13.3% 6.0% 2.0% 0.7% 1.3%

Phase IV 0.7% 1.3% 2.0% 6.7% 16.7% 10.0% 37.3% 32.7% 30.0% 6.0% 8.7% 6.7% 2.7% 2.0% 4.0%

Table 24: Percentage of participants according to the percentage 
of consumed energy variation.

Overall, around 80% of the participants in the Customer Engagement programme 
changed their consumption habits. 

The success of the PHASE I is largely due to the fact that customers are more active at the 
beginning of the programme. 65% of them had stated that they look at the IHD more than 
once a day. On the long term, only 30% used the IHD daily. Results of PHASE II, III & IV tend 
to show that no significant overall energy reduction was perceived when participants were 
provided with instructions to consume efficiently. 

!  More results can be found in the dD3.4 “Iberdrola Demonstration: End results 
 including KPIs and customer acceptance”
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 4.2 Integration of Distributed Energy Resources

The European Union (EU) has committed to become the world leader in renewable energy. 
The European Comission (EC) is targeting at least 27% for the share of renewable energy 
consumed in the EU in 2030. 
Such an ambitious target results, in European countries, in a quick growth of Distributed 
Energy Resources (DER) connections into power grids. Intermittency of wind and PV 
generators and high decentralisation bring challenges in terms of quality of supply, calling 
for a higher network hosting capacity.

The challenges of DER integration are related to:
• the capacity of grids to connect to renewable energy sources;

• the collateral effects of distribution of those sources throughout the grids, in particular: 

- voltage constraints;

- power constraints.

Figure 65: Consequences of massive integration of DER at LV level  
(example of the French Demonstrator)
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While all Use Cases of GRID4EU are indirectly related to the challenge of increasing 
network hosting capacity, the integration of DER in the project is directly addressed in 
four sites (German Demonstrator, Italian Demonstrator, Czech Demonstrator and French 
Demonstrator). As presented in the “project cartography” chapter, these four demonstrators 
present a distinctive approach for increasing network hosting capacity adapted to their 
boundary conditions.
The German Demonstrator and the Italian Demonstrator show that the Smart Grids 
solutions allow integrating a higher penetration of local renewable generation. Also, the 
French Demonstrator is qualitatively in line with the others demonstrators, but the amount 
of available resources is too low for an exact estimation of the hosting capacity. The Czech 
Demonstrator also highlights that reactive power delivery/consumption provided by DER 
(generated by CHP on MV network and by PV inverters on LV network) could have a positive 
effect on voltage levels.

It is impossible to directly compare the results, since the networks and calculation 
methodologies are different; however they demonstrate that the following approaches can 
improve the network Hosting Capacity significantly:
• Dynamic grid reconfiguration at MV level experimented in Germany;
• OLTC advanced control experimented at MV level in Italy and LV level in France;
• Reactive modulation of distributed generators experimented at MV level in Italy and 

Czech Republic and at LV level in Czech Republic;
• Decentralised storage systems experimented at MV level in Italy and LV level in France 

(The results of these experimentations are detailed in the dedicated chapter on Storage);
• Use of residential and industrial flexibilities in France.

Before describing the Demonstrators’ results, you can find below the big picture of tested 
solutions.

Deployed 
in 

MV grid

Deployed 
in 

LV grid

Grid 
reconfi-
guration

OLTC Storage

Reactive 
modulation 

of distributed 
generators

Demand 
response

German Demonstrator
(semi-urban area and 
moderate climate)

X X

Italian Demonstrator
(MV grid, rural/semi-rural 
area and dry climate)

X X X X

Czech Demonstrator
(MV & LV grids, Urban area 
and cold climate)

X X X

French Demonstrator
(LV grid, semi-urban/urban 
area and warm & stormy 
climate)

X X X X

Table 25: Big picture of solutions tested by GRID4EU on DER integration
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 4.2.1 Decentralised grid operation in MV grids in the German Demonstrator

In Germany, GRID4EU improves the surveillance and advanced control of the medium 
voltage (MV) grid based on the Autonomous Switching System (ASS), composed of modules 
acting and switching autonomously thanks to a forecast-based algorithm. Dynamic topology 
reconfiguration, a new operational concept facilitating DER integration, is enabled.
The measuring and switching modules observe the local grid and assess its current 
state. If one or more off-limit-conditions appear, it is considered that the grid reached an 
Endangered State Level (ESL). An Endangered State Level could be either:

• A near-critical voltage increase (10.7 kV ≤ V < 10.8 kV);

• A near-critical line loading (90% < load < 100% of the nominal line loading).

In such case, the system analyses the topology and finds a switching state in which no 
boundary condition is violated. Following, the Autonomous Switching System develops 
a suitable switching programme for the change of topology and the switching modules 
execute the switching actions accordingly. With this dynamic autonomous way of changing 
the topology according to the current load and generation situation in the local grid, it is 
possible to increase the hosting capacity for distributed energy resources (DER).
The delivered results of the simulation show the high potential for decentralised grid 
operation. Indeed, it shows that the Autonomous Switching System is able to analyse the 
situation correctly, develop a topology with a normal state and to execute the necessary 
switching actions in an appropriate period of time. The Figure 66 shows the course of 
action if a voltage limit is violated:

Figure 66: The course of action of decentralised grid operation 
in the German Demonstrator

On average, the Autonomous Switching System increases the MV grid hosting 
capacity by 17% in the case of the German Demonstrator20. This increase enables 
a deferral of classic network expansion estimated at 3-4 years.

!  More information on this solution in the “autonomous switching system” spotlight

20. The benefits are expressed thanks to the “Network Hosting Capacity” GRID4EU project indicator (GRID4EU_KPI3)

1 Endangered 
 State Level 1 detected

2 Transition to the 
 Endangered State Level 2

3 Switching execution

4 Voltage violation resolved
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 4.2.2 MV grid Voltage and power flow control in the Italian 
  Demonstrator

In the framework of the Italian Demonstrator, which involves two HV/MV substations, a 
rural primary substation (PS#1) and a semi-urban one (PS#2), and the related MV network, 
the voltage limits represent the first and predominant constraint for increasing in network 
Hosting Capacity of PS#1 (see Figure 67); on the other hand, for PS#2, we have both 
voltage limits and thermal limits, with the latter representing the main constraint, considering  
scenarios with higher DG power penetration (see Figure 68).

The voltage limits are very significant especially in relation to the PS #1’s network, due to its 
rural nature and the high presence of distributed generation already connected.

Figure 67: Percentage of nodes in which HC of PS#1 is limited by voltage vs thermal 
constraints (summer Sunday scenario) as a function of DG power connected

Figure 68:  Percentage of nodes in which HC of PS#2 is limited by voltage vs thermal 
constraints (summer Sunday scenario) as a function of DG power connected.
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In this context, the voltage control system addresses MV grid’s slow voltage variations and 
its main goal is to avoid voltage violations, keeping all the grid’s nodes inside the limits, 
according to the standard EN 50160.
The regulation is achieved acting on three leverages (see Figure 69):
• Controlling –in an innovative way– the OLTC of the HV/MV transformer (#1);

• Controlling the reactive power exchange between third-party MV generators and the grid 
(#2);

• Controlling the grid’s active and reactive power flows through an Electric Energy Storage 
System (#3).

Figure 69: High level overall system architecture

Every 15 minutes or in case of voltage limits violation, the Voltage Regulation algorithm is 
triggered and sends optimized set points to above listed resource, taking into account the 
capability curves of MV generators (Figure 70)/storage (Figure 71) and the storage system’s 
state of charge (SoC); it is important never to forget that the SoC -which is tightly linked to 
the capacity- represents an important constraint for storage systems.

Figure 70: Capability curve of MV static generators
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Figure 71: Capability curve of EESS  
(the circle is an “approximation” well fitting the real capability curve)

The effectiveness of the voltage control system has been proven in field. As an example, the 
Figure 72 shows a comparison of a node voltage profile with (green curve) and without (red 
curve) the control solution running. According to the fact that in the baseline scenario (i.e. 
without the control solution in place), the grid voltage does not exceed the EN 50160 limits 
(i.e. V

n
 ± 10%) and in order to show the effectiveness of the control system, the controller’s 

voltage limits are set to V
n
 ± 5%; this means that the control system must take the voltage 

of all the grid nodes inside this range for all the time. Looking at , it can be clearly observed 
that without the control system action the voltage of the bus exceeds the imposed limit 
(V

max
 = V

n
 + 5%), but with the control system in operation, the maximum voltage in the 

“controlled” scenario never exceeds this limit.  

Figure 72: Voltage of one MV node (the one that reaches the highest voltage value  
in this example day) without the control solution and with the control solution

According to the project results, the most beneficial resource - for voltage 
regulation (referring to slow voltage variations) and for increasing the Hosting 
Capacity (when the main limiting factor is represented by voltage limits) - is the 
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On Load Tap Changer of the HV/MV transformer. The advanced control of the 
OLTC is also a cost-effective solution because the HV/MV transformers are all 
already equipped with a controllable OLTC and the innovation is represented by 
the introduction of an advanced voltage control logic. Nevertheless, in case of 
voltage imbalances (see Figure 63), due to the presence of “active” (i.e. Pgen >> 
Load) and “passive” (i.e. Load >> Pgen) MV feeders connected to the same HV/
MV substation’s bus-bar, the action of the OLTC can be not effective and it is 
necessary to introduce the control of additional resources like MV distributed 
generators, controllable loads and storage systems. 

Figure 73: Example of two feeders - with opposite behaviour - 
connected to the same PS bus-bar

Hosting capacity 

The increase of the grid hosting capacity of DER has been evaluated in relation to the 
intervention of different sets of controllable resources, available as leverages of the 
control system. On this basis, 5 Smart Grids scenarios –involving different combinations of 
controllable resources– have been defined:

Case Description (resources  available for the control system )

A Baseline (no resources)

B OLTC of the HV/MV transformer

C
OLTC  
Reactive power from controllable MV generators21 
Reactive power from storage system

D
OLTC  
Reactive power from controllable MV generators  
Active and reactive power from storage system

E
OLTC  
Reactive power from all the generators connected to the experimentation MV grid  
Active and reactive and power from storage 

Table 26: The 5 Smart Grids scenarios

21. The “controllable MV generators” (i.e. equipped with energy regulation interface and therefore available as 
“leverages” of the control system) are a subset of all the generators connected to the grid.
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According to the above mentioned scenarios, the DEMO KPI#2 – “Network Hosting 
Capacity” has been evaluated in different conditions of operations and with different 
available resources, the results reported here refer to the worst condition (Summer Sunday). 
More detailed tests have been performed on one of the two primary substation involved 
in the project (i.e. PS #1), where most of the controllable resources are connected to. As 
highlighted in the Figure 74, the HV/MV transformer OLTC advanced control is normally a 
very effective leverage: it affects all the nodes and it has a great influence on the voltage 
profiles. The OLTC action could hovewer be neutralized in case of unbalances between 
the feeders or thermal limit problems, requiring the introduction of grid reactive and active 
power modulation. 

Figure 74: Value of the KPI_2 Hosting Capacity for different combination of resources  
for the primary substation #1 expressed in MW and in percent

For the PS #2, the KPI#2 is about 10%, since it is mainly a passive network (in the –as 
is– condition) with few voltage congestion. In this condition, the HC is already high in the 
baseline scenario (about 97 MW) and the advantages of the control solutions are therefore 
lower with respect to the PS #1 network.

CASE Description

A Baseline

B OLTC

C OLTC + reactive power from controllable MV generators + reactive power from storage

D OLTC + reactive power from controllable MV generators + reactive and active power from storage 

E
OLTC + reactive power from all the MV generators connected to the grid + reactive and active power 
from storage
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Energy Losses

Similarly to hosting capacity, network losses have been evaluated in different conditions of 
operations (almost the same of Table 26): the losses decrease for increasing penetration of 
resources available as leverages of the control system (Figure 75). The type of Q modulation 
capability (square/triangular) does not greatly affect the results, since the generators 
exchange reactive power mostly during the peak of production. The active modulation 
of the storage can reduce the losses, but in this case also the internal losses should be 
considered and they are usually higher than the losses reduction. The voltage is another 
important parameter: widening the admissible voltage range from [-5%; +5%] to [-8%; +8%] 
makes the VR able to reduce the losses of about 3% more (see Figure 68, “C” scenario - 
green bar). 

In order to achieve a higher losses reduction (i.e. “E” scenario), it is necessary 
to introduce the regulation of all the MV generators connected to the grid, to 
contribute to correct the MV feeders power factor correction, via reactive power 
modulation. 

The KPI has been computed also for the second primary substation (PS #2), which feeds 
mainly a semi-urban/urban network with less controllable resources available. In this case, 
the OLTC alone allows a reduction of losses of about 2.2%.

Figure 75: Value of the network losses reduction for the primary substation #1  
for different condition of operation and for square capabilities of the generators (blue),  

triangular capabilities of generators (red) and for larger values of the voltage limits (green)

22. Unitary efficiency is only theoretical: it is used to investigate the network in the best conditions.

CASE Description

A OLTC

B
OLTC + reactive power from controllable MV 
generators

C
OLTC + reactive power from controllable MV 
generators + reactive power from storage with 
unitary efficiency22

D
OLTC + reactive power from controllable MV 
generators + reactive and active power from storage 
with unitary efficiency

E
OLTC + reactive power from all the MV generators 
connected to the grid + reactive and active power 
from storage with unitary efficiency
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 4.2.3 Use of flexibilities in the French Demonstrator 

PACA is the French region that has the second largest installed photovoltaic (PV) capacity after 
Aquitaine, with 809 MWp on June 30, 2015. This capacity will need to triple in the coming 
years, as the Climate, Air and Energy Regional Plan of the region has set a target of 2,300 MW 
in photovoltaic capacity by 2020. Given that the vast majority of installations is connected to 
the distribution networks managed by ERDF, a “bottom-up” injection from this intermittent 
and decentralised power source could be the cause of power and voltage constraints.

Anticipating this trend, the French Demonstrator tested new approaches leveraging 
“flexibilities”, i.e. means to activate in order to locally adapt the load curve to the generation 
curve, and thus to avoid grid constraints. It focuses on the role of the grid in locally enhancing 
system reliability and congestion management. As the brain behind it, the NEM has been 
implemented. The NEM, using solar generation and load forecasts, tests a new model of 
interactions between different energy actors: consumer, commercial aggregators, battery 
aggregator, Distribution System Operator (DSO) and Transmission System Operator (TSO). 
The NEM has been a cornerstone for the setting up of the local flexibility market, putting 
in place a structured, reliable, non-discriminatory and transparent process, which allowed 
all the stakeholders to have a clear set of rules to guide their participation in the flexibility 
market.
It brings together actors in their role as flexibility aggregators for their prosumers with the 
grid operators (DSO and TSO) that buy flexibility for operating their grids. The flexibility 
offers, proposed by aggregators, allow mitigation of distribution network constraints in 
summer such as over voltage or alleviation of circuit overload during winter peak load 
situations.

Within the French Demonstrator, the NEM handled flexibility offers from:
• A B2B aggregator;
• A B2C aggregator;
• A Network battery aggregator (NBA).

Figure 76: Presentation by the French Demonstrator leader 
GRID4EU Final Event (January 19, 2016)
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Integration of distributed generation through grid flexibilities 

The grid flexibilities are ensured by the batteries installed at different grid levels (Primary 
substations, LV network and homes) controlled by a Network Battery Aggregator (NBA). 
In addition to the grid batteries, a MV/LV OLTC transformer, acting on the primary to 
secondary voltage ratio, has been implemented. Unlike storage assets, this tool does not 
solve power constraints. 
The control architecture includes one-day-ahead power flow calculations relying on 
meteorological, load and generation database and forecasts.

Through storage assets

A Network Battery Aggregator, operated by ERDF, was integrated in the NEM IT environment 
for the sake of simplifying its implementation. Nevertheless, the designed architecture can 
be implemented in an independent actor’s enterprise IT. The implemented architecture 
provides the ability for an aggregator to operate a set of network batteries in an efficient way, 
with minor supervision and taking into account the physical and operational constraints of 
the batteries. Frequent runs of the calculation engine allows the aggregator to ensure a 
resilient scheduling of the resources on a time horizon from several hours to two days, 
taking into account any unexpected event as soon as occurred. The NBA applications went 
through several stages of implementation, being fully implemented in the summer 2015 
experimentation. (Results are detailed in the chapter on “storage” and in spotlight S2.)

Through OLTC transformer

The use of an On Load Tap Changer (OLTC) has been foreseen since the beginning of this 
project. In order to prevent voltage violations (an OLTC transformer has no effect on power 
constraints) in the framework of the “Integration of massive PV production” Use Case and 
keep an optimal voltage regulation, an innovative function was added to the basic voltage 
regulation (around 404V) ensured by standard OLTC regulating transformers. This function 
consists in fine-tuning the voltage set point according to a set of parameters and inputs that 
includes real-time solar radiation, used as an indicator of the amount of PV energy being 
produced. This enhanced control allows varying voltage set point that takes into account 
the amount of PV energy being produced, including reaction to real time perturbations 
(e.g. temporary reduction in PV production due to a cloud). Hence, such smarter voltage 
regulation allows even more PV integration in the downstream LV grid.

First results from experimentations carried on April 1, 2015 show that the voltage is effectively 
regulated according to PV production variations: 
• At 1pm when solar radiation approaches 900 W/m², the smart transformer regulates 

its output voltage around 404V (which is the set point voltage) in order to allow higher 
voltage rises on the downstream LV network;

• On the opposite, at night time, we can see that voltage is regulated around 420V.
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Figure 77: Measured solar radiation and voltage applied  
at LV feeder on April 1, 201523

The solar transformer combines the stabilisation of voltage on the LV side of the MV/LV 
substation, in the event of voltage changes on the MV side, with the automatic adaptation 
of voltage on the LV side to the local irradiance level. It thus allows more photovoltaic 
systems to be connected to the LV side and minimises the risk of overvoltage, because 
voltage on the LV side of the MV/LV substation is stable. The solar sensor also prevents the 
LV grid against voltage drops in the winter. But, an OLTC, with or without light sensor, only 
acts on voltage constraints, not on power constraints.

Its operation is close to that of a standard transformer, meaning that its autonomy makes it 
easy to operate, but its installation is more complex as there is the need to install both the 
control unit and the sensor. 

Integration of distributed generation through flexibilities from Active Demand

The residential flexibilities, based on load shifting, helped the absorption of surplus PV 
production through an advanced Time-Of-Use pricing and aggregated remote control of 
smart devices (see chapter on “Active Demand”).

23. Source : ERDF
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 4.2.4 DER ancillary services in the Czech Demonstrator 
  (Volt-var control on MV networks with CHP 
  and on LV networks with PV inverters)

In order to have more results from demonstration and more recommendations to chapter 
2.4 of dD5_4 (Inputs to the standardisation activities), the Czech Demonstrator decided 
to start also testing of volt-var control of CHP unit for a voltage stabilisation on MV level 
within the demonstration area. Also, testing of volt-var control of PV inverters for voltage 
stabilisation on LV level was realised. This was not the original target of the demonstrator, 
but it was possible to do more and bring more knowledge to the project thanks to the good 
progress of the other demonstration activities. 

Volt-var control on MV networks with CHP unit

The Czech Demonstrator took advantage of the fact that CHP unit 1.6 MW (the same unit 
which is used in case of  island operation) has a wide capability of provision of reactive 
power (Figure 78). Thanks to this, volt-var control on MV is possible.

Figure 78: Active/reactive power diagram of synchronous generator  
1.9 MVA used in CHP unit (1.6 MW)

In order to investigate the potential of a voltage change dependence on the level of delivery 
or consumption of reactive power, real testing was done. Within testing, the level of reactive 
power was controlled by the power factor setting in control system of CHP unit. In the first 
part of the test, the reactive power was delivered by CHP unit into the distribution network 
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and in the second part of the test, CHP unit consumed reactive power. Power factor was 
changed in steps 0.01. During the testing, the strong effect of reactive power on voltage 
was observed i.e. there is a high level of correlation between voltage and reactive power 
delivery/consumption. In the beginning of testing, the voltage level was 236 V (measured 
on synchronous generator) with power factor set to 1 on CHP unit. Maximum voltage level 
with power factor set to 0.90 capacitive was 244 V (voltage increase of 3.39%), minimum 
voltage level with power factor set to 0.95 inductive was 229 V (voltage decrease of 2.97%). 
This test confirmed the assumption that the targeted delivery/consumption of reactive power 
provided by DER could have a very positive effect on voltage levels. There was not any active 
power reduction of CHP unit related to the fact that also reactive power was produced.

Figure 79: Active and reactive power waveform during volt-var control test

Figure 80: Voltage waveform during volt-var control test  
(on synchronous generator side)

Volt-var control demonstration with CHP unit shows that this strategy has a great 
potential for improvement of DER integration into MV distribution networks.
ČEZ Distribuce confirmed that above described volt-var control strategy offers 
a very promising way to integrate DER into MV distribution networks and the 
company will continue with this effort. If the long-term testing of the application 
is going to be successful, rollout of such solution is expected not only for CHPs 
but also for other DER types (PV, wind farms...).
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Volt-var control on LV networks with PV inverters:

In order to monitor the effect of Q(U) function, MEg30 power quality measurement 
devices were installed in both point of connections of those PV prosumers. Thanks to this 
equipment, DSO is able to monitor necessary values needed for evaluation (P, Q, U, I) in 
one minute samples. 

Baseline data were collected in June 2015 and data from demonstration were collected in 
September 2015. Data shows that Q(U) function have a positive effect on voltage levels and 
helps to keep the voltage close to nominal value (230V). However, seasonal factor has been 
observed – because of drop in temperature, the electricity consumption in September 
was in general higher and thus more voltage samples were below 230V compared with 
the situation in June (this happened mostly at night periods and thus voltage could not 
be improved by volt-var function of PV inverter which produces power only during the 
day). On the other hand, less voltage samples over 237V were observed in September in 
comparison with June, the reason is clear – by the consumption of reactive power, PV 
inverters helped to reduce the voltage in case it was over 236.9V (103% of Un). Data with 
number of voltage samples is shown in table 3 (for 5kW PV installation). Histograms of 
voltage samples for June and September 2015 are shown on figure 57 and 58 (for 5kW PV 
installation). Data from 8kW PV installation shows that all power generated by inverter is 
consumed by customer and thus this installation was not a good example for evaluation of 
Q(U), because there is not any voltage increase.
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 4.3 Storage

As presented in the last chapter, electricity storage can provide solutions to balancing 
issues as well as new options to address power quality related to the advent of Distributed 
Energy Resources.

A variety of applications provided by electricity storage systems can be identified along the 
electricity value chain, from generation support over transmission and distribution support 
to end-consumer uses.
The Figure 81: Eurelectric view of the electricity storage functions from Eurelectric24 
summarises the variety of applications by size (in MW – X-axis) and operational timescale 
(seconds to months – Y-axis).
 

Figure 81: Eurelectric view of the electricity storage functions
 

24. Issued from the report “decentralised storage: impact on future distribution grids” from June 2012
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Within GRID4EU, grid storage assets have been commissioned in two demonstrators: the 
Italian and French ones.

In Italy, the focus has been put in the framework of the Use Case “voltage control on MV 
grids with high DER penetration” on losses management, capacity grid support and voltage 
control.

In France, grid storage assets have been involved in three Use Cases:
• “Islanding of a low voltage area” 
• “Manage maximised PV production on LV network”
• “Reduce power demand”

Dedicated results concerning residential batteries are detailed in the spotlight called 
“residential storage implemented in the French Demonstrator”

Before the description of the Demonstrators’ results, you can find below the big picture of 
tested solutions.

Demand side 
management 

(incl. 
peak load 

smoothing)

Security 
congestion 

management
Voltage control Capacity grid 

support
Losses 

management

Italian 
Demonstrator
(rural/semi-
urban area)

X
(possibility 
to switch 

the storage 
over 5 different 

feeders)

X
(storage system 

with 1 MVA 
power – 1 MWh 

capacity)

X

French 
Demonstrator
(semi-urban/
urban area)

X
(Residential 

batteries 
remotely 

and locally 
controlled)

X X X
(e.g. storage 

asset with 1 MVA 
power – 1 MWh 

capacity)

X

Table 27: Big picture of solutions tested by GRID4EU on Storage
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 4.3.1 Electric Energy Storage System implemented 
  in the Italian Demonstrator

ENEL has installed, close to the MV/LV substation called “Smistamento”, a storage system 
(1 MVA power – 1 MWh capacity) that can be connected to several feeders. The goal is 
to study a new centralised/decentralised solution for voltage regulation and increase the 
network hosting capacity.  In particular, there is the possibility to switch the storage over 5 
different feeders, depending on the results of the optimisation procedure described in the 
chapter “DER integration”.

The installation of the Electric Energy Storage System (EESS) went through a lot of 
intermediate steps as depicted in the Figure 82: EESS field implementation steps.

Figure 82: EESS field implementation steps

The International Standard Committee (IEC) has not yet published any standard about 
testing methods and procedures to verify the system capability and performance on EESS; 
however this aspect is crucial to assure the correct development of the EESS market. 
For these reasons, ENEL Distribuzione has developed an internal commissioning procedure 
that was applied during the site acceptance tests of the EESS installations.
The commissioning lasted 2 weeks, during which the EESS was tested in order to verify that 
it is compliant with the tender specifications. 
All the tests were carried out under the supervision of the supplier technicians and the 
supplier proposed detailed test cases approved by ENEL technical management office.

Ready for test!
(July 2014)
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Figure 83: Official commissioning docs

This procedure enabled the Energy Storage System to be successfully tested in different 
ways:
• locally by using the local HMI on site;

• remotely by ENEL SCADA system. 

According to the project results, the EESS is able to contribute effectively to voltage 
regulation and grid power flow control. According to EESS capacity, it can help HV-MV 
power flow control too. Nevertheless the its effectiveness is strogly dependent by the 
device size, the electrical position, the number of installed storage systems, the generation/
load and grid caracteristics, etc.

!  To get more insights into the results of the tests on storage in the Italian Demonstrator  
 please refer to the spotlight called “Electric Energy Storage System implemented in 
 the Italian Demonstrator”
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 4.3.2 Grid storage implemented in the French Demonstrator

A strength of the French Demonstrator is to have studied, implemented and operated 
storage solutions at different levels of the distribution grid: primary substation, secondary 
substation, low voltage grid and residential customers premises. 

The four grid storage systems used in the French Demonstrator are installed at three levels 
on the public distribution grid: primary substation (high voltage [HV] / medium voltage [MV]), 
public distribution substation (MV/LV) and LV grid, as shown in the Figure 84: Location of 
storage systems on the public distribution grid (PCS and batteries in black).

Figure 84: Location of storage systems on the public distribution grid

Concerning grid storage, four assets are operational:
• A 1 MW / 560 kWh storage system at primary substation;
• A 250 kW / 620 kWh storage system at secondary substation;
• Two 33 kW / 106 kWh storage assets on the low voltage grid.

After the installation and start-up phases, and following training provided by the 
manufacturers, the French Demonstrator team was able to take control of the storage tools 
through a control interface. After a “break-in period”, these systems had an approximate 
availability of around 90%. The main failures observed were:
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• The failure of an ESSU storage unit, requiring servicing by a technician, though the system 
can continue to operate;

• Failures related to the innovative communication infrastructure;
• Failures or performance setting issues in HVAC systems.

The storage systems proved to be very versatile: they start up quickly, and remote control 
sequences enable the systems to react instantly. Nevertheless, the startup phases can 
sometimes last up to 2-3 minutes, especially when the systems have not been used for 
several days.

To run the different use cases, the storage systems must be prepared. This is achieved 
by charging or discharging the systems according to the stresses on the grid. This can 
be illustrated by two examples. In the case of the secondary substation’s storage system, 
the transformer’s rated power being 400 kVA, the storage system cannot discharge 250 
kW when the substation is already exporting 200 kWp of PV. Likewise, for another storage 
system, the presence of a 25 kWp generator locally raises the voltage, especially when 
consumption is low: in such conditions, it is important not to discharge the storage system 
too much during these periods, in order to avoid over-voltages. To this end, a voltage 
measurement is available in the user interface. In this direction, it is necessary to properly 
size batteries and power converters based on their local environment. Preliminary analyses 
of the maximum power and energy orders of magnitude are essential to use storage on 
an optimal way.

Storage represents a robust and reactive lever, compared to flexibilities linked with clients 
and which effect depends on clients’ engagement and participation. Impact is significant, 
with 43% of the shedded power between 6:00 and 8:00pm in winter coming from the grid 
storage during the winter test 2014/2015.
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 4.4 Innovative power management at MV and LV level

In most of the European grids, first medium voltage (MV) automation and monitoring 
functionalities have already been implemented. Well-established and reliable systems 
enable to support classical grid operation. Nevertheless, as the connection of DER on 
the MV network of several EU member states has been increased, some protections and 
control systems, without communication possibilities, are becoming less and less suited 
to the requirements of future MV networks (more grid active resources). Nowadays, in 
particular in projects like GRID4EU, the monitoring of the MV network is enhanced with 
new measurement devices deployed on the grid. The accuracy of the voltage calculations 
can thus be improved using real measurements instead of load profiles. 

Unlike the MV grid, the low voltage (LV) network has historically been a “blind spot” for 
network operators, meaning almost no observability and control. In the meantime, several 
EU member states have seen increased connection of DER on the LV network which in turn 
has brought new challenges to maintain a sufficient quality level of supply (line voltages, 
harmonics, etc.). Moreover, the deployment of smart meters in various European countries 
is an asset to leverage for improving network control and operation.

These workstreams aim at demonstrating, under real operating conditions and at a large 
scale, the technical efficiency and economic viability of such new solutions to improve LV 
or MV network monitoring and control in order to:
• Reduce duration of outages (reduce localisation, isolation and restoration time);
• Reduce network losses;
• Improve continuity of supply and power quality (in particular improve line voltage profile);
• Reengineer network operations (connections, reconfiguration...) to avoid power outages.

Four demonstrators out of six worked on the “MV innovation” workstream:
• The German Demonstrator;
• The Spanish Demonstrator;
• The Italian Demonstrator;
• The Czech Demonstrator.

Four demonstrators out of six worked on the “LV innovation” workstream:
• The Swedish Demonstrator;
• The Spanish Demonstrator;
• The Czech Demonstrator;
• The French Demonstrator.
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Before the description of the Demonstrators’ results, you can find below the big picture of 
tested solutions.

Deployed 
in LV grid

Deployed 
in MV grid

Integrating 
Renewable 

Energy 
Sources

Reducing/
managing 
network 

losses

Reducing 
duration 

of outages

Improving
line voltage 

profiles

German Demonstrator
(semi-urban area and 
moderate climate)

X X X X

Swedish Demonstrator
(rural/semi-rural area 
and cold & stormy 
climate)

X

X
(Enhances 

fault 
awareness)

Spanish Demonstrator
(urban area and 
mild climate)

X X

X
(Only non-
technical 

losses)

X

Italian Demonstrator
(Rural / semi-rural 
area and dry climate)

X X X X

Czech Demonstrator
(Urban area 
and cold climate)

X X

(2 PV 
installations – 

8 kWp 
and 5 kWp)

X X X

French Demonstrator
(semi-urban/urban area)

X X

X
(only energy 
losses related 

to storage)

X

Table 28: Big picture of solutions tested by GRID4EU on LV & MV innovations

Concerning network losses, general conclusions from the gD2.7 “Final KPIs report” are the 
following:
• The planning phase is a very important stage for the reduction of network losses;
• During the operation of a network the losses can be reduced, but the total amount 

depends on the available resources;
• The use of storage systems can reduce network losses but it usually increases the losses 

of the global system.

Concerning the reduction of outage duration, in general25, the proposed strategies allow to 
significantly reduce the time needed for fault localisation, isolation and restoration.

In general, the On load Tap Changer (OLTC) control alone shows a great benefit on the 
voltage profile of the entire network (regarding slow voltage variations). Nevertheless, in 
case of voltage imbalances due to the presence of “active” (i.e. Pgen >> Load) and “passive” 
(i.e. Load >> Pgen) MV feeders, connected to the same HV/MV substation’s bus-bar, the 
action of the OLTC can be ineffective, thus requiring the introduction of the control of 
DERs connected along the feeders (distributed generators, storage systems, etc).

25. only one demonstrator reported an increase in terms of fault localisation/isolation time with the smart grids solution 
in place
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 4.4.1 Management of MV network failures 
  in the German Demonstrator

The high share and still massively increasing amount of distributed generation, predominantly 
wind and photovoltaic, set new challenges to the DSOs in Germany. Grid operation and 
grid observation become more complex since power flows become less predictable. At the 
beginning of the project, in Germany, there were hardly any surveillance facilities or grid 
automation in place in medium voltage networks. The German Demonstrator addressed 
these challenges by testing the use of an Autonomous Switching System (ASS) to provide a 
dynamic topology reconfiguration in order to reduce the time of fault localisation, isolation 
and restoration. 

In the baseline scenario, the fault in an MV-feeder causes the circuit breaker in the respective 
primary substation to disconnect the whole feeder, thus leaving all connected secondary 
substation of that line without power. The triggering of the circuit breaker is detected in 
the SCADA-system. After the outage has been detected, the SCADA-engineer calls the 
local operation teams and passes on the relevant information. Led by the SCADA-engineer, 
the worker of the operation team drives to the secondary substation which is located in 
the middle of the faulty line. From this substation, the employee drives to other affected 
substations to analyse the short circuit indicators (which are not connected to the SCADA-
system) to enclose the fault until the affected line is localised. When a visual inspection is 
not effective to find the cause of the outage, the cable test van will be requested. During and 
after localising the fault, the SCADA-engineer is responsible to coordinate the restoration 
of supply of the not affected customers in cooperation with the operational employee. 
Therefore, the faulty cable or overhead power line or secondary substation is isolated from 
the rest of the grid. The non-faulty parts of the grid are then reconnected, either via remote-
control by the SCADA-engineer (for the feeder bays in the primary substations) or manually 
by the operation worker (for the secondary substations).

In the Smart Grids scenario, the fault in an MV-feeder also causes the circuit breaker in the 
respective primary substation to disconnect the whole feeder. Both SCADA and local ASS 
detect the outage. The ASS localises the faulty line sector autonomously by analysing the 
short circuit indicators that are connected to the system via GPRS. Then, it separates the 
grid sector with the faulty cable or overhead line and reconnects the non-affected line 
sectors automatically to the grid. This takes only a few minutes so that more customers are 
resupplied in an instant than in the baseline scenario.

Meanwhile, the SCADA-engineer informs the operation team about the failure in the grid. 
Operators receive more precise information about the location of the fault thanks to the 
data provided by the ASS: they can drive directly to the faulty grid section and start with the 
analysis of the short circuit indicators there. 

In order to resupply customers in the faulty grid sector, the operation worker drives to 
the faulty line and separates the line sector from both sides with the help of the SCADA-
engineer who executes the remote-controlled switches at the switching modules.
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Figure 85: Failure management process

The results of the improvement of the failure management can only be retrieved by 
simulations and tests in the laboratory as no outage occurred in the demonstration area 
during the project time.

The simulations of three different events of fault indicated that the Autonomous 
Switching System improves the security of supply in the demonstration area and 
is able to reduce the time of reconfiguration by 21.5% on average.

The three simulations were two three-pole-short-circuits and one two-pole-short-circuit on 
cables or overhead lines.

This result is supported by simulations that were done with the help of a grid calculation 
programme. The simulation of failure detection, isolation and restoration showed that 
the higher level of automation leads to an improved security of supply. You can find the 
calculated values for SAIDI and ASIDI in the Table 29.

Situation SAIDI in min/a ASIDI in min/a

State of today 12.8 14.9

ASS applied 6.1 7.5

Table 29: Simulated impact 
of the Autonomous Switching System (ASS) 

on the security of supply



Version 1.0

4 – Technical Results132

www.grid4eu.eu

 4.4.2 Management of losses through a forecast algorithm 
  in the German Demonstrator

In order to reduce network losses, the German Demonstrator adapts the topology of 
the network to the current loading situation. A topology reconfiguration algorithm sends 
switching commands to switching modules (selected secondary substations equipped 
with circuit breakers). On the one hand, every significant network state change should be 
followed by a reconfiguration process for gaining the maximal loss-reducing effect. On 
the other hand, many switching actions result in faster wear of the switching devices. A 
tradeoff for less switching actions and still good loss reducing operation should be found. 
In order to find this balance, a network state forecast is calculated. A network state can 
be represented by the residual load, which consists of the sum of the active nodal power 
measurements acquired at the secondary substation level.

Figure 86: Forecast-based loss reduction compared  
with the optimal reconfiguration
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As illustrated in Figure 86, the forecast-based loss reduction algorithm might not reach an 
optimal loss reduction (see Figure 86, bottom). Still, a high loss saving potential is expected, 
simultaneously minimising switching actions (see Figure 86, middle).

For the execution of the loss reduction algorithm at the primary substation the forecast data 
from all automated secondary substations need to be collected, as depicted in Figure 87.

Figure 87: Architecture of the forecasting system

Therefore, the reactive and active power measurements need to be collected in the 
secondary substations. From these measurements, the 15-minutes mean values are 
computed. Every 15 minutes, a day-ahead forecast time series is computed locally. This 
forecast data is forwarded to the RTU in the primary substation where the forecast based 
loss reduction algorithm is launched.

The overall loss reduction algorithm is based on the residual load analysis and the network 
reconfiguration for the forecasted power time series (see Figure 88)

Figure 88: Loss reduction algorithm flow chart

In the first step, the forecast data is computed decentrally on the slave RTUs. This data is 
periodically gained by the master RTU. In this step, the data from multiple measurements 
is mapped onto the reduced network model which is used for the network reconfiguration 
algorithm and consists only of 31 nodes. When the data complexity is reduced, residual 
load is computed. 
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The main idea consists in searching for appropriate points of time to perform the 
reconfiguration. These correspond to the points of inflexion of the residual load curve (see 
Figure 89).

Figure 89: Exemplarily residual load curve and switching times

Being at the time t
0
, the next switching interval [t

1
, t

2
] is evaluated. The switching state for 

this interval is obtained by applying a static reconfiguration algorithm. As input data for 
this algorithm mean power values P

mean,[1,2]
 and Q

mean,[1,2]
 are computed at the given interval. 

Following, the target network topology supposes to reduce losses for the predicted time 
interval. The required switching actions are scheduled for t

1
. 

The testing results in MATLAB showed that the mean absolute percentage error varies 
between <1% and 12% which is adequate. With this forecast precision, it is possible to 
reduce significantly the number of switching actions when compared with the optimal 
reference, as stated in Table 30.

Network losses Switching actions*

Static topology 100% 0

Optimal reconfig. 71.3% 17,814

Forecast-based 79.7% 3,142

* one switching action = switch on/off

Table 30: Results of the loss reduction algorithm for a one year simulation

Single software components of the overall loss reduction algorithm have been implemented 
on RTUs in the field. Thus, the forecast precision of the PLC (programmable logic controller) 
implemented function is identical with the prototype MATLAB implementation. Also the 
residual load analysis algorithm implementation succeeded.
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Most difficulties occurred when implementing forecast data forwarding from the substation 
RTU to the master RTU unit: here the IEC 60870-5-104 communication standard is used 
for transmitting data between RTUs. Unfortunately, this communication protocol enables 
only a single value transmission, whereas forecast data is an array of floating point values.
A workaround was developed: to transmit single forecast values iteratively in a short time 
(100ms cycle). Still, the data does not always arrive in the right order or incomplete. The 
future development will have to guarantee a synchronisation of forecast data between the 
substations and the master RTU. 

As to the field implementation, communication outages of the secondary substation RTUs 
have to be considered – they appear at least several times a day, in some cases for periods 
of time over 15 minutes. This would mean that parts of the forecast would be missing. As a 
solution, historical data might be recorded at the master RTU to provide data consistency 
and be able to fill missing data.
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 4.4.3 Automated failure management in the MV network 
  of the Czech Demonstrator

Due to the fact the network was newly reconstructed, the probability of failure was very low 
and the risk of not being able to test the implemented solution at all was therefore high, 
ČEZ Distribuce decided to simulate failures in Local SCADA system. 

Functional tests of MV automation were carried out on April 1, 2015. The function of 
automated failure management on MV was tested for different scenarios (fault locations) 
by simulation in Local SCADA. In all cases the functional tests by simulation in Local SCADA 
were successful.
Above mentioned faults were simulated in Local SCADA for a situation of interconnected 
(parallel) topology of MV network in Vrchlabí town (all feeders connected together). Testing 
was carried out on Local SCADA access terminal at Siemens headquarters. Within tests in 
local SCADA, only short circuit failures were simulated (no ground faults).

Figure 90: Local SCADA snapshot – MV network topology visualisation

The implementation of automation solutions in the Czech Demonstrator (for MV) results 
in time reduction in fault localisation and isolation – this was defined as a one of GRID4EU 
KPIs. This KPI was to verify that Smart Grids solutions do decrease the reaction periods, and 
also indicated the value of this reduction (if a reduction in relevant period is achieved). KPI 
was evaluated separately for LV and MV level.
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At MV level, the baseline for fault localisation and isolation times was evaluated thanks to 
company historical data for a period 03/2012 – 08/2014. The Fault localisation and isolation 
time with Smart Grids solution was evaluated thanks to the SCADA simulation tests which 
took place on April 1, 2015.

The percentage reduction in time required for fault localisation and isolation of 
failure amounted, according to these simulation tests, 85%. 
These simulation tests confirmed that the Czech Demonstrator solution for MV 
level automation is operational. 

During the demonstration period, faults which could be solved by MV automation did 
not appear (this was expected as the number of power failures on MV network within 
reconstructed grid is usually low). Thus longer monitoring period for evaluation of real 
failures is needed and ČEZ Distribuce will continue with monitoring and tuning of MV level 
automation function also after the end of the GRID4EU project.
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 4.4.4 Automated failure management in the LV network 
  of the Czech Demonstrator

Due to the fact the LV network was newly reconstructed, the probability of failure was very 
low and the risk of not being able to test the implemented solution at all was therefore 
high, ČEZ Distribuce decided to simulate failures – both in field and by simulation of virtual 
failures in Local SCADA system. The tests were carried out in order to verify if the proposed 
and implemented solution is functioning as expected and also in order to evaluate the 
project KPIs. 

Functional tests of LV automation were carried out on September 9, 2014. The function 
of automated failure management on LV was tested for all scenarios (all possible fault 
locations) by simulation in Local SCADA. In all cases the functional tests by simulation in 
Local SCADA were successful. 

For one fault location scenario the function of automated failure management on LV was 
confirmed also by field test thanks to physical intervention of crew who manually tripped 
circuit breakers in LV street cabinets number 1 and 2. By this manipulation, failure between 
LV street cabinets 1 and 2 was simulated. This caused an overcurrent flow in LV network and 
activation of failure alarm in Local SCADA. Dispatchers were informed by the Local SCADA 
which, based on this alarm, started fault localisation and issued a proposal for an isolation 
sequence according to identified place of the failure. Proposal was accepted by dispatcher 
and fault was isolated thanks to manipulation sequences issued by Local SCADA towards 
the relevant circuit breakers and load break switches (Figure 91: Local SCADA snapshot – LV 
network topology visualisation). Testing was carried out on Local SCADA access terminal at 
Siemens headquarters with the supervision of ČEZ Distribuce dispatchers. Fault localisation 
and isolation times for LV automation needed for KPI evaluation were determined.

The implementation of automation solutions in the Czech Demonstrator (for LV) results in 
time reduction in fault localisation and isolation – this was defined as a one of GRID4EU 
KPIs. This KPI was to verify that Smart Grids solutions do decrease the reaction periods, and 
also indicated the value of this reduction (if a reduction in relevant period is achieved). KPI 
was evaluated separately for LV and MV level.

At LV level, the baseline for fault localisation and isolation times was evaluated thanks to 
company historical data for a period 03/2012 – 08/2014. The Fault localization and isolation 
time with Smart Grids solution was evaluated thanks to the SCADA simulation tests which 
took place on September 9, 2014.
The percentage reduction in time required for fault localisation and isolation of failure 
amounted, according to these simulation tests, 85%.
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Figure 91: Local SCADA snapshot – LV network topology visualisation

Implementation of automation on LV level enabled to operate the LV network between 
DTS 1436 and DTS 1439 in a parallel/loop by closing the circuit breaker in LV street cabinet 
number 3. This has a slightly positive effect on losses and a very positive effect on voltage 
deviations.

All above mentioned tests (field tests and simulations) confirmed that the Czech 
Demonstrator solution for automated failure management on LV operates as expected 
(and described in dD5.2). During the demonstration period, faults which could be solved 
by LV automation did not occur (this was expected, as the number of power failures on LV 
network is usually low) thus longer monitoring period for evaluation of management of real 
failures is needed and ČEZ Distribuce expects to continue monitoring of LV automation 
functionality also after the end of the GRID4EU project.
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 4.4.5  Anti-islanding systems in the Italian Demonstrator

In case of maintenance works or faults (limited to some case) involving a MV grid portion 
with DER, generators protections –acquiring only local measurements– could be not 
effective in automatically disconnecting the generators, if voltage and frequency remained 
inside the allowed limits. 

In that condition, the generators would remain connected to the MV grid, creating an 
undesired islanding operation. In order to avoid unsafe and unsecure islanding operation, 
the anti-islanding system sends a disconnection command to the generators, thus assuring 
their disconnection from the grid.

The algorithm assigns to each grid element (Primary Substation switch, Secondary 
Substation switch) a unique identifier (called “tag”) characterizing the position of the 
element in the grid topology. 
When a switch is opened, the identifier of that element is sent via the communication 
network (using IEC 61850 goose messages) to all the devices connected to the MV grid 
and equipped with the new control interfaces (see Figure 92); each device, comparing the 
received identifier with its own identifier, is able to determine autonomously its position in 
the grid (if the MV plant, along the feeder, is upstream/downstream the opened switch) and 
decide if the generator disconnection is necessary.

Figure 92: Disconnection command sent to the generators  
by the anti-islanding system via IEC 61850 message

Thanks to this system it is possible to avoid the risk of unwanted islanding operation, 
which for the demonstration grid it has been estimated –performing network simulation 
studies– in maximum 3% of time per day per each switching device (remotely controlled or 
automated), as summarised in the Table 31.
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Spring Summer

workday Saturday Sunday workday Saturday Sunday

PS #1 2% 2% 2% 2% 3% 2%

PS #2 2% 1% 2% 2% 2% 2%

Fall Winter

workday Saturday Sunday workday Saturday Sunday

PS #1 2% 3% 3% 1% 2% 2%

PS #2 1% 2% 2% 2% 2% 2%

Table 31: Mean value of the daily time (in % of the day)  
when there is the possibility of island formation for each switching devices. 

!  For more details see DEMO4 deliverable dD4.4.
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. 4.4.6 High impedence fault detection in the Spanish Demonstrator

In the case of a phase to ground fault (the origin of the problem may be at LV or MV), it is 
possible that the protections do not detect this fault because the current is not enough to 
activate the protection. But, if the voltage close to the fault is lower than usual, then it could 
be possible to use this effect to detect these kinds of faults.

Normally when a phase is lost (e.g. a cut-off in a wire), the result is a voltage raise in the other 
phases. In LV, the voltage can be increased in 1.7 times, then the meter can be used to detect 
the fault, this detection is a little bit more difficult in MV and it is necessary to know directly 
the voltage.

The purpose of the high impedance fault detection feature is to detect an open phase 
on medium voltage side. Traditionally, these faults were detected with overcurrent relays, 
which must be carefully parameterised. The solution developed bases the detection of the 
High Impedance fault on the evaluation of voltage unbalances on the LV side, using the LV 
monitoring features embedded in the data concentrators already installed at the secondary 
substation. Considering that all secondary substations have a data concentrator, an open 
phase can be accurately localised without added cost due to installation of other devices, 
such as overcurrent protection units. This solution was firstly developed for traditional data 
concentrator and was extended for the TGB system (a compact integrated solution of 
concentrator and communications) developed in this project. Both cases have been tested 
on the field. 

The tests were performed on a TGB located in a rural area. The topology of the MV line 
is presented in Figure 93. The red and green circles represent the presence of TGBs and 
traditional Data Concentrators (DC) on the line. 

Figure 93: MV Line topology

The firmware with the “high impedance fault detection” functionality was uploaded in the 
TGBs and DC labelled with “NF”. The new firmware was installed in both TGBs and on the 
data concentrator next to the secondary substation where the tests were performed.
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The intervention in the MV line was performed in the secondary substation with the yellow dot.
In this secondary substation, a 400KVA MV/LV transformer is installed inside an exterior 
cubicle supplying energy to 14 LV customers. The TGB is mounted outside the cubicle on 
the wall nearer the street (see Figure 94).

Figure 94: MV/LV transformer and TGB

In the first actuation, the fuse located at the right-top of the transformer is removed. The 
internal meter of the TGB measures at the LV side 237.4V, 118.7V and 124.5V for the three 
different phases. Since all the voltages are above 115V (default threshold value defined to 
consider that a phase is absent), the TGB considers that all the phases are connected. 
However, since the ratio between the direct and inverse sequence is greater than 20%, the 
algorithm considers that the unbalance in the LV side is caused by an open phase in the MV 
side; therefore the TGB sends the “High impedance” detection event.

For the second intervention on the MV/LV transformer, the second fuse has been removed. 
In this occasion the voltages measured by the internal meter of the TGB were 80.8V, 193.4V 
and 238.5V for the three different phases. Since one phase is well below 115V, the “Phase 
presence” field shows a “X” for this phase. The values on the fields “inverse sequence” and 
“direct sequence” shows that their ratio is greater than 20%, therefore the “High Impedance 
Fault” event is sent from the TGB.
After placing back the fuse in its position, the level of all the voltage are once again 238V 
and the high impedance fault event is finished. 

In the last action, two fuses were removed from the MV side of the MV/LV transformer. 
The voltage measured with an external data register showed that the voltages of two of 
the LV phases were below 120V, therefore the TGB had not enough power to launch its 
booting sequence, and henceforth the TGB was not able to measure at all under these 
circumstances.

Even though the tests performed in the field were bounded by the natural condition of 
distribution grids, the functionality had responded as expected. Nevertheless, the firmware 
will be kept for a couple of month in the TGB and TGC in order to analyse its performance 
whenever a real “high impedance” condition appear.
The system is usually installed without battery.  When a fault happens in two phases, the 
system switches off because of low power.
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 4.4.7 Automatic Outage Detection in the Spanish Demonstrator

One of the more overwhelming tasks for utilities is to keep their inventory updated. For 
example, LV grids are so vast and they suffer so many incidents caused by external agents 
that it is really difficult to maintain an inventory that is 100% reliable. A bulldozer digging in 
the street for water main maintenance or for the installation of new fiber-optic cable is not 
at all rare in large cities. Infrastructure installations are performed so as to avoid disturbing 
others, but from time to time accidents happen. The problem is repaired, sometimes 
adapting the solution to the circumstances or trying to take advantage of the problem to 
optimise the loads on the lines. These modifications are entered into asset databases. This 
manual entry and the number of updates for expected and unexpected work produce 
deviations in the inventory that are very difficult to detect.

In order to cope with it, a new functionality was developed and implemented in the 
Advanced LV Supervisor from ZIV (ALVS). It utilises the information of the power of the 
communication signal received from each smart meter to estimate to which LV line they 
belong to. This functionality was tested under normal working conditions (i.e. all LV lines 
supervised and complete Data Base of smart meters) in previous field test showing an 
excellent performance (higher than 95% and frequently 100%).

The potential capability to improve the outage detection and decision making for their 
resolution based on the association of events and incidents is presented with the following 
incidents field cases.

Case 1 (LV): A customer with a three-phase energy supply called to the CIS claiming that 
there was a failure in one of the phases. The measurements of the supervisor placed at 
the LV side of the MV/LV transformer revealed that the voltages at this point were normal 
(236V, 235V and 235V, see blue box in Figure 95a), therefore the initial guess of a “blown-
up fuse” scenario was discarded. Additionally, the measurements of two of the three LV 
line supervising meters showed irregular values for the LV lines (see red boxes in Figure 
95a). In the LV line topology, it can be seen that the meters are located downstream the 
transformer and the possible location of the fault is bounded to the portion of the LV line 
marked in dashed-red (see Figure 95b). A crew was sent to this area and it was found an 
open-phase in one of the LV bridges (see Figure 95c). 
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Figure 95: Case 1 – LV Incident –  A  portion of the table of measurement and incidents  
B  topology of the LV line and DC location  C  photograph of the LV phase down

Case 2 (MV): an event of “resistive ground” is detected in a MV aerial line affecting 34 SS 
and more than 5,000 customers. Several “long term interruption” events are registered in 
the STG and labelled in SCADA system (see yellow boxes in Figure 96). The measurements 
revealed that there is a loss of 50A in a MV line. The dispatcher operates the grid manually 
correlating the information in the STG and the SCADA system receiving “end of long term 
interruption” from the meters in the SS recovered. Once the operations are completed, a 
crew is sent to the bounded area and it is found a MV bridge down.

A

B C
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Figure 96: Case 2 - MV incident

During the period of analysis in CASTELLON, the tool was able to associate more 
than 24,500 events with one of the incidents registered, covering 20% of all the 
incidents occurred during this period.

 
Comparing the rate of association of events with incidents from other regions of IBERDROLA, 
it was found that this figure is not representative. As a matter of fact, the average rate of 
association in all IBERDROLA network is 5%. The tool is still under development. In the 
future, it will be able not only to associate events with incidents but also to take decisions 
and identify LV outages before customers call the CIS.
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 4.4.8  Automatic Grid Recovery (AGR)

The AGR has dramatically changed the way IBERDROLA operates its distribution networks 
as it is the first time that automatic controls are sent from the control system in a closed 
loop scheme. The Control system provides the dispatcher the faulty segment isolated 
instead of analysing a number of alarms as in the classical approach.

First field results

In a detailed analysis at Castellón during 4 months the system acted 34 times. In 18 cases 
the problem was completely solved recovering 100% of the affected grid. In 17 of these 18 
cases the recovery time was under the legal penalty limit (3 minutes) with an average time 
of one minute and a half (1:31). Only in one case the resolution time was over the limit with 
3:05 minutes.

Figure 97: First field results of Automatic Grid Recovery in the Spanish Demonstrator

The other 16 cases finished with a part of the grid service recovered and the faulty segment 
isolated in an average time of 1:05 minutes. 

Final implementation and results

The system has been implemented on all Control Centres at IBERDROLA Distribution Spain 
(organized in 6 Systems) covering from the VHV to LV in each area, this is, around 1000 
substations (100% remotely controlled), 100.000 secondary substations (13% remotely 
controlled), 3500 of pole mounted RTUs to supply nearly 12 million customers.

Iberdrola has extended this system to the whole distribution network in Spain without the 
need for an intensive investment at substation level (local approach), so the virtual operator 
has been introduced without relevant changes at field level what constitute an important 
technical and economic benefit.

Regarding to quality of service, Iberdrola has verified an improvement in restoration time 
within the set of faults which recovery time is in the interval from 30 seconds to 45 minutes. 
AGR stands for an improvement of 8% in faults below 3 minutes. The percentage has 
been calculated using the not supplied energy comparing one year when AGR was not 
integrated and the values from a year with AGR working in the distribution network.
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Figure 98: Improvement of Quality of Supply in the Spanish Demonstrator  
following the implementation of the AGR
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 4.4.9  Advanced LV Monitoring implemented in the Spanish 
  Demonstrator

The advanced LV monitoring system offers real time information and the capability of 
analysing the grid. The picture shows for example the distribution of power factor in two 
Secondary Substations. The second couple of images show imbalances between phases. 
The third couple show voltage deviations by phase in the SS bars.

Figure 99: Information (distribution of power factor in two Secondary Substations,  
imbalances between phases and voltage deviations by phase in the SS bars)  

acquired by the advanced LV monitoring system in the Spanish Demonstrator

The first column corresponds to a SS with domestic consumers and the second one to a 
tertiary consumer (a shopping-mall).

In figure 99-a it is presented the daily consumption of a whole week of T1, corresponding 
to “Easter holidays”. The difference between working (14th, 15th and 16th) days and holidays 
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(17th, 18th, 19th and 20th)  of the domestic consumer is clear. Contrarily, the consumption 
pattern of the mall centre presented in figure 99-b shows a kind of square type signal, where 
its plateau corresponds with regular working hours and its valley with the night closure of the 
shopping-mall. 

Figure 100: Information (daily consumption of a whole week, active and reactive power 
consumption, current consumed and related impact in voltage levels) acquired  

by the advanced LV monitoring system in the Spanish Demonstrator

The second couple of graphics show active and reactive power consumption, and the third 
couple show the current consumed (blue line) and its impact in voltage levels (green line).
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 4.4.10 LV network monitoring implemented 
  in the Swedish Demonstrator

One previous major paradigm shift for Vattenfall Distribution was the introduction of the 
Automated Meter Management system (AMM), which changed the focus from being an 
administrative organisation to become a more service oriented business with the ambition 
of value creation for the customers. In the deliverable dD2.2 (See appendice), it is anticipated 
that a full scale roll-out of smart low-voltage network technology would most probably 
show the same structural development for the network company. The change will again 
require significant effort by the organisation initially but will subsequently provide significant 
benefits. The introduced technology for monitoring the low-voltage network operation 
is anticipated to create more streamlined work procedures for the Dispatch Centres and 
also create opportunities in other business processes, such as network planning, network 
optimisation, customer service and field service processes. The processes are assumed to 
become more accurate, efficient and faster, which will benefit as well to the customers. 

Vattenfall Distribution participated in GRID4EU with the main purpose to demonstrate 
a possible solution for LV network monitoring, by deploying intelligent equipment in 
secondary substations (RTUs) and use the Smart Meters at customer premises. Information 
from two different sources in the same LV network circuit have been used and combined 
in an integrated back office system environment. The benefit of the solution is believed to 
support different user needs and operating functions. 

The technical solution is designed to identify LV group fuse faults in the secondary substation. 
Identification of faults downstream street cabinets, e.g. broken fuse in cable cabinet, broken 
cables due to digging and trees on line26, faults only affecting single premises may be 
supported by the Smart Meters event reporting, even though clear outages (power off) are 
not possible to detect in real time. As smart meters use PLC as the communication media 
with DC, it is not possible to use that media when there are total power outage situations. 
However, in cases where the LV line is powered and a fault has occurred downstream a 
fuse in a street cabinet, the operator in the Control Center would be informed in near real-
time27 that the communication was lost with smart meters (through Meter Down events). 
Then, if the operator started receiving Meter Down events for all the meters downstream 
a street cabinet, it would be very useful for identifying a LV fault in that street cabinet. This 
solution has the greatest benefits in rural areas28.

  

26. Most 400 V lines are today changed from copper or iron core to Alu. The new lines are stronger and will not snap if 
a tree falls on a line.
27. “Near real-time” – Less than 20 min after occurrence in more than 70% of the cases.
28. In general, rural LV network is characterised by:
 - Overhead lines common, with a mix of isolated and non-insulated wires. However in certain regions underground 
   cables are becoming increasingly common as well;
 - 1-1,5 km between secondary substation and customer; 
 - Mainly small pole mounted secondary substations, with smaller transformer ratings;
 - Majority of customers connected to the SS without fuses in cabinet to end user line, although this practice is no 
  longer common for new connections.
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Figure 101: Principal technical solution for LV network monitoring  
in the Swedish Demonstrator

The technical platform had the possibility to provide better results compared to what data 
from a single component and system may provide. Both the RTUs and Smart Meters added 
insight to the LV network current status and submit information in real time for operational 
management decisions in order to improve the quality of supply to the customers. The 
technical solution has the potential to be used in multiple ways and support different 
purposes. The monitoring platform will serve as a dynamic tool for fast and reliable power 
quality analysis as well as improved service to the customers.

In the context of the Swedish Demonstrator, the data collected by RTUs and Smart Meters are:
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Information 
source Measurement values Events and Alarms* On-demand 

reading request

RTU

- Voltage per phase/ 
 secondary substation
- Current per phase
- Active power (kW)
- Reactive power (kVAR)
- Power factor
- Frequency
- Accumulated energy
- Harmonics, as percentage 
 deviation to pure 50Hz

Smart 
Meter

- Active energy (kWh)
 The meters will collect each
 hour the summation of the 
 active energy consumption 
 of the three phases 
 (L1+L2+L3)
- Reactive energy (kVARh), 
 for a subset of the meters.

- Voltage (RMS) sag (under-voltage)
- Voltage (RMS) surge (over-voltage)
- Over-current (RMS)
- Power outages
- Phase loss
- Reverse energy flow
- Magnetic tamper detection
- Phase inversion
- Current flow with no voltage

- Active Energy 
 (kWh)

* The meter can register up to 40 unique events which are collected by the collection system. Together with the DC, 
more than 100 different events and alarms can be collected. The sample in the table is only a sub-portion of the events 
and alarms being collected by SE and Vattenfall.

Table 32: Data collected by smart meters and RTUs in the Swedish Demonstrator

The KPIs used by the Swedish Demonstrator are the following ones:

Key Performance 
Indicator Description Strategic Objective

Improved detection 
of LV failures

Determine the time difference between 
detection time of LV failure by Smart Grids 
systems and reporting time of the same failure by 
customers.

Improved control 
of LV network operation

Communication 
infrastructure 
reliability

Automatic system check 
of the communication infrastructure reliability by 
sending data requests 
to Data Concentrators (DC) 
and secondary substation RTUs 
and determine the number of received 
and accepted responses

Control and monitoring 
of LV network

Table 33: Swedish Demonstrator KPIs described according to dD2.1 deliverable, Oct 2012

For 2014, SAIDI was 115 minutes in the MV network and 8 minutes in the LV 
network, based on 860,000 customers. The RTU solution in secondary 
substations represents a reduction of 6-13 min for the MV network and ½-2 min 
for the LV network. 

Due to confidentiality monetary terms may not be given.
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BC SAIDI 2014 (minutes)
RTU impact on SAIDI for improved outage restoration (minutes)

Min Max

MV 115 minutes 6 min (~5%) 13 min (~11%)

LV 8 minutes 0,5 min (~6%) 2 min (~25%)

MV and LV 123 minutes 6.5 minutes (~5%) 15 minutes (~12%)

Table 34: RTU impact on SAIDI for improved outage restoration in the Swedish Demonstrator

Figure 102: Presentation by the Swedish Demonstrator leader 
GRID4EU Final Event (January 19, 2016)

The Swedish Demonstrator communication evaluation for both the RTU and AMM process 
has shown that the RTU process is much more sensitive and dependent on a reliable 
communication link compared to the AMM process. The project has performed tests to 
measure how fast real time events can be exported to Vattenfall system environment after 
occurrence. These tests have shown that an acceptable level, (>70%), of all Smart meter real-
time events are reported by the AMI Head End system to Vattenfall within an acceptable time 
of less than 15 minutes delay in order to be used in other systems, like in LV SCADA/DMS for 
LV network monitoring purposes.

In the RTU-SCADA process the system functionality is entirely dependent on having 
communication established to all deployed RTUs, since the main purpose with the RTU-
SCADA interface is to create a real time monitoring solution for LV network operations. 

Regarding the communication availability and reliability, the analysis has shown that the 
communication network performance, supplied by telecommunication network owners and 
service providers, for the period has been recorded to be greater than 99%. In the comparison 
between the different communication technologies, it has been confirmed that the RTU 
process works better and faster using 3G instead of 2G, due to its needs of RTU maintenance, 
real-time monitoring and generation of higher volume of data traffic. For Smart meter data 
collection, 2G technology is sufficient for the requirements defined today for the AMM 
process.  In the communication infrastructure process, communication network availability 
is only one part of the entire infrastructure process. The process is also affected by e.g. IED 
software and antenna locations, etc. During the project operation, the Swedish Demonstrator 
has encountered and dealt with these kinds of issues for the RTU process and managed to 
raise the communication availability from almost bottom low 50% to around 95% at the end 
of the project operation period. 
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 4.5 Islanding

The number of DER connected to distribution networks has increased backfeeding 
phenomena and, thus, the concern on unintentional islanding operations. Such Islanding 
is a source of risk for grid operators’ repair crew, who may not realise that a circuit is still 
powered, and for equipment of generators, end-users and utilities, which may be damaged 
by parameters’ shifts.
Nevertheless, controlled islanding can also be used as an element of improved defence and 
restoration plans, enabling to completely eliminate any power transfer between the main 
grid and the microgrid, for example in case of extreme climatic conditions, or facilitating 
maintenance work.
In this context, to evaluate the effect of islanding on network protections as well as the 
ability of utilities to operate in islanding mode (from decoupling or black start of a microgrid 
until synchronisation and recoupling), GRID4EU experimented two kinds of islanding 
operations:
• Scheduled islanding ordered as a load-shedding option to completely eliminate 

any power transfer between the main grid and the microgrid, in particular in case of 
maintenance activities;

• Unforeseen islanding providing backup power for several hours in the event of 
unavailability of the main distribution grid (LV or MV) upstream from the local area.

Two demonstrators out of six worked on this workstream:
• CEZ Distribuce in Czech Republic, with the “Island operation” Use Case;
• ERDF in France, with the “Islanding of a low voltage area” Use Case.

As already presented in the “Innovative power management” chapter, ENEL Distribuzione 
also tested the robustness of anti-islanding protections in its demonstrator.
Before the description of the Demonstrators’ results, you can find below the big picture of 
tested solutions.

CHP Storage Photovoltaic 
panels

Switch from 
standard 

operation
Black start

Czech Demonstrator
(Urban area and cold climate)

X X X

French Demonstrator
(semi-urban/urban area)

X X X X

Table 35: Big picture of solutions tested by GRID4EU on islanding
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 4.5.1 Island operation in the Czech Demonstrator

Islanding operation – functional tests on 10 kV (6.12.2014)

Islanding operation in real network within Smart Region Vrchlabí was tested in June 12, 2014 
on 10 kV level with positive results. First successful islanding operation was launched when 
distribution grid was without power (black start). Second successful islanding operation was 
launched when the distribution grid was in normal operation by disconnection of the area 
of islanding operation by switch without interruption of power supply for customers in the 
islanding area.

The black start of islanding operation test was successful. The functional test took place at 
night in time of the minimal load in Liščí Kopec area, even though there have been some 
frequency changes when LV outgoing feeders in DTS were switched on. These frequency 
changes were stabilised by the power level change of additional watt load (dump load). The 
islanding operation after black start lasted for 3:14.01. The test was terminated by the order 
to shutdown the CHP generator.

Figure 103: Phase voltages and frequency waveforms  
(black start of islanding operation test, frequency measured on CHP side)
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The switch to islanding operation test was successful, however significant decrease 
in frequency occurred because of current power regulation CHP abilities which are 
determined by the gas pressure on inlet to the engine. Although the decrease in 
frequency (engine rpm) during switch to islanding operation was significant, islanding 
operation sustained in operation. The islanding operation after switch to islanding 
operation lasted for 0:47:29. 

The total time of the islanding operation tests in the Liščí Kopec area was 4:01:30. 
During the islanding operation tests the voltage level in 10 kV grid was maintained 
on nominal value (phase-to-phase voltage of 10 kV, phase to neutral voltage in the 
grid 5,77 kV). According to EN 50160, the allowed tolerance of voltage deviation in LV 
grid is +/-10% from the nominal value 230 V (this determines allowed voltage range 
from 207 V to 253 V). According to the standard, the measured average voltage value 
within the 10 minute time period is considered as the measured value. This voltage 
value must be during 95% of the week within the allowed tolerance and all measured 
values of the RMD voltage in 10 minute interval must be in range of V

n
 +10% / -15%. For 

islanding operations, the allowed tolerance is +10%, and -15%, but customers have to 
be informed about such conditions. 

Figure 104: Phase voltages and frequency waveforms  
(switch to islanding operation test, measured on 10kV side)
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The grid frequency is controlled by the CHP generator unit control system. During the 
islanding operation, the frequency was held by CHP control system at level of 49,5 Hz. 
According to EN 50160, at systems without the synchronous grid connection (islanding 
operation), the allowed tolerance of frequency is 49 Hz - 51 Hz during 95% of the week 
and is measured as median value within 10s. Whereas the measured frequency must not be 
outside of the range 42,5 Hz - 57,5 Hz. Again, this is the average frequency value within 10 s. 

During both islanding operation tests, the voltage and the frequency were both within the 
required tolerance, according to EN 50160. Measured RMS values displayed in the graphs 
correspond to the RMS value within 1 period, prospectively the average efficient value 
within 200 ms. 

Voltage and frequency power quality measurements during both islanding 
operation tests confirmed that EN 50160 standard was fulfilled and only not 
critical transient with short duration were observed when the islanding operation 
started. 

Islanding operation – field tests on 35 kV (2.6.2015)

Before the start of islanding operation tests, the islanding area was powered by switching 
station. The outgoing feeder in DTS 1447 (914) in direction to DTS 1436 was disconnected. 
The outgoing feeder in DTS 1436 in direction to DTS 1447 (914) was switched on. CHP unit 
was started and provided full power (1580kW) before the start of islanding operation.

Switch to islanding operation from standard operation of distribution network - field 
test

The test was initiated by the disconnection of the switch in switching station TU_0723 at 
0:25:28,9. At the moment of IO start, the power generation which was provided by CHP 
unit was higher than the power consumption in the IO area and thus the frequency in 
the IO area has increased. Automation unit of islanding operation (AOP) reacted by the 
connection of additional watt load 216kW and by changing the CHP unit control mode to 
speed regulation and thus the CHP unit switched successfully to islanding operation mode 
from the maximum power output.

Before the switch to islanding operation, the active power production of CHP unit was 
1580kW with the power factor 0,998. Reactive power production of CHP unit was 73kVAr 
(capacitive load). CHP unit control system was operated in power regulation mode – this 
means that the unit was producing power on 100%. In case of islanding operation launch, 
load of islanding area was only 400kW but the reactive power load was approx. 330 kVAr 
(capacitive load caused by MV cables in the area). After the disconnection of MV cable 
between DTS 1436 and DTS 1447 (914), the reactive power load dropped to 250kVAr 
(capacitive load). This reactive power load was expected and was not an issue for a CHP 
unit which is able to provide reactive power up to 395 kVAr (capacitive load). Maximum 
voltage peak during the switch to islanding operation measured in DTS 1435 was about 
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272V but only for a very short period of time. Voltage levels during the switch to islanding 
operation test fulfill EN 50160 power quality standard, the same was also for frequency 
even in this case, frequency oscillations during transient have occurred (as it is shown on 
Figure 94), maximum 54.61Hz, minimum 48.26Hz). No major issues with power quality 
during this test were observed. The dynamic behavior of CHP unit was better thanks to 
the fact that gas inlet was upgraded based on recommendation from results of the first 
islanding operation test on 10kV level. All waveforms for switch to islanding operation 
tests are shown on figures 16, 17, 18, 19, 20, 21, 22, 23, 24 and 25.
The duration of islanding operation (switch to islanding operation test) was 4 hours and 3 
minutes (from 0:25:29 to 4:28:33).

Figure 105: Voltages and frequency waveforms measured on LV side in DTS 1435  
for the duration of islanding operation launch (switch to islanding operation test)

Black start of islanding operation – field test

Black start of islanding operation was initiated by order given to AIO (Automation unit of 
Islanding Operation). The area of islanding operation was disconnected from the rest of 
MV distribution network in switching station 35kV and in outgoing feeder in DTS 1436 
toward DTS 1447 (914). All LV circuit breakers in DTSs in islanding operation area were 
opened and MV outgoing feeder in DTS 1435 towards CHP unit was also switched off. 
After the successful black start of CHP unit, LV circuit breaker in CHP unit facility was 
closed and LV network and transformer 2MVA within the CHP facility were under voltage. 
Additional watt load was connected and then the switch on MV outgoing feeder in DTS 
1435 towards CHP unit was also switched on. By this manipulation, the whole 35kV MV 
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network was under voltage. LV outgoing feeders were gradually reconnected by closing 
circuit breakers in DTS. The last LV outgoing feeder was reconnected at 4:56:25. This 
islanding operation test proved that also black start on 35kV is possible and the test was 
finished at 4:59:57. Voltage and frequency deviations were not critical and power quality 
standard EN 50160 was fulfilled. All waveforms for black start of islanding operation tests 
are shown on figures 103, 104, 105 and 106.

Figure 106: Voltages and frequency waveforms measured on LV side in DTS 1435  
(black start of islanding operation test)
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 4.5.2 Islanding operation in the French Demonstrator

The chosen district for islanding operation within the French Demonstrator is a commercial 
district located in the industrial area of Carros. This district is supplied by the “Dock 
Trachel” secondary substation (400 kVA) where are connected:
• 8 commercial clients consuming up to 100 kW the days of high PV generation;
• 3 large PV generators representing 430 kW

p
 of installed capacity.

Figure 107: 1st Street district in Carros

This site was selected mainly for its significant backfeeding due to the high concentration 
of PV generation. Backfeeding is the reverse power flow from the LV to the MV grid that 
occurs when local PV generation exceeds local consumption.

Figure 108: Load curve from “Dock Trachel” secondary substation in October 2014
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Islanding within the French Demonstrator consists in disconnecting a low voltage area 
from the main grid and supplying it only with energy storage and distributed photovoltaic 
generation for a limited duration of time.

Figure 109: Islanding principles

The chosen district for the tests is a commercial district with 8 customers and 3 photovoltaic 
generators (430 kWp). A 250 kW/600 kWh storage asset including SAFT lithium ion batteries 
and SOCOMEC power conversion system (PCS) manages islanding transition and energy 
balance within the microgrid.

Two versions of islanding are in the scope of the French Demonstrator: the scheduled 
and the unforeseen islanding. The scheduled islanding aims at disconnecting on purpose 
the district from the main grid and supplying it for a limited duration of time, without any 
interruption of service. It can be used to relieve the upstream grid or operate maintenance 
on the downstream grid. The unforeseen islanding aims at restoring the supply after a grid 
outage, and sustaining the power supply for a limited duration of time. When the upstream 
grid is back, the district grid reconnects automatically, again without any interruption of 
service.

As shown in the Table 36: KPIs of Islanding of a low voltage area in the French Demonstrator, 
the two versions were successfully tested on an experimental grid of EDF R&D (“Concept 
grid”) as well as in the commercial district of Carros.



Version 1.0

4 – Technical Results 163

www.grid4eu.eu

In particular, on October 6, 2015, the commercial district has been disconnected from the 
main grid during five hours. The district was separated at 11:40am and the storage system 
combined with the photovoltaic panels supplied the area. With an initial state of charge 
of 73%, the storage system achieved a 55% level after five hours. In theory, this level could 
have allowed for sustaining the islanding for another 4 hours.  

KPI Value Definition Comment

Voltage deviation during islanding

Concept Grid 0.25%

Average standard 
deviation compared 
to the nominal 
voltage (230 V)

Compliant with the standard 
EN50160 (<10%)

Carros – 
Scheduled islanding

0.63%
Compliant with the standard 
EN50160 (<10%)

Carros – 
Unforeseen islanding

0.26%
Compliant with the standard 
EN50160 (<10%)

Islanding duration

Concept Grid 1 h
Maximum period 
reached during islanding, 
at Concept Grid 
and at Carros

Not significant as the Concept 
Grid system was not sized to 
perform long periods of islanding

Carros 5 h

Duration reached during 
programmed islanding on 
10/6/2015, but which could have 
been extended by another 4 
hours

Frequency deviation

Concept Grid – 
Scheduled islanding

0.03%

Average standard 
deviation compared 
to the nominal 
frequency (50 Hz)

Compliant with the standard 
EN50160 (<1%)

Carros – 
Scheduled islanding

0.10%
Compliant with the standard 
EN50160 (<1%)

Carros – 
Unforeseen islanding

0.03%
Compliant with the standard 
EN50160 (<1%)

Total Harmonic Distortion (THD) 

Concept Grid 1.00%
Ratio of power 
of the harmonic components 
over the power 
of the fundamental frequency. 
The average value is indicated.

Compliant with the standard 
EN50160 (<8%)

Carros – 
Scheduled islanding

1.80%
Compliant with the standard 
EN50160 (<8%)

Carros – 
Unforeseen islanding

1.00%
Compliant with the standard 
EN50160 (<8%)

Table 36: KPIs of Islanding of a low voltage area in the French Demonstrator
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Two main achievements are to notice:

• Disconnection and synchronisation phases proceeded without any interruption 
of service. There were no impacts for the clients.
• The storage system alternatively charged and discharged, adapting its schedule 
to the clouds impacting the photovoltaic generation as well as clients’ load curve 
variations. 

Figure 110: Change in battery state of charge (SOC) during islanding29

The general trend of the state of charge of the storage system is decreasing. In order to 
efficiently  face an unforeseen islanding, the state of charge must be in a certain range.
The solution developed in the French Demonstrator can be seen as an innovative solution 
with many advantages:
• This solution works without any dump load, and allows for better taking advantage of the 

photovoltaic resource, which must be curtailed or consumed in dump load by low load 
in case of a diesel genset solution;

• Unforeseen islanding is automatic: the trigger is the upstream grid loss. Therefore, the 
system restarts automatically after a grid outage, and synchronises automatically when 
the upstream voltage is back;

• For scheduled and unforeseen islanding, the microgrid recouples without any interruption 
of supply after synchronisation of the main parameters (frequency, voltage, phase);

• The storage system does not emit greenhouse gases and generate a much lower loud 
pollution compared to a diesel genset. 

29. Source : ERDF
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 5  Standardisation 

 5.1 Use of the SGAM in GRID4EU

Since the beginning of the project, the SGAM has been used to describe the architecture 
of the six demonstrators including the standards that were planned to be used by the 
implemented systems and equipment. It has been updated at the end of the project with 
the standards effectively used by the demonstrations. 

The feedback of all demonstrators regarding their experience with the SGAM is positive. It is 
described as a simple model to use and that can easily be updated. The only drawback lies in 
the link between the functional layer (Use Cases) and the information and communication 
layers (data models and protocols) that has been difficult to show with the model.

 5.2 The IEC standards

During year 1 of the project, the six GRID4EU demonstrators listed all standards that were 
planned to be used. The list has been collected via the description of each demonstrator 
based on the SGAM, where the communication and information layers are dedicated to 
the standards localisation. The analysis carried out within the GRID4EU project focused on 
the three most widely used standards in the year 1 project plan: the Common Information 
Model (CIM), the IEC 61850 and the IEC 60870-5-104.

The analysis aims at identifying potential issues on the implementation and use of the 
different standards and collect feedbacks that could be reported to standardisation bodies. 
The Table 37: The standards/demonstrator matrix classified the usage of the standards in 
3 categories:
• The standards that have been considered and implemented X

• The standards that were not considered but implemented eventually X

• The standards that were planned but not implemented eventually X

Standards German
Demo*

Swedish
Demo*

Spanish
Demo*

Italian
Demo*

Czech
Demo*

French
Demo*

IEC 60870-5-104 X X X X X X

IEC 61850 X X X

CIM (IEC 61968, 61970 & 62325) X X X X X

* Demo stands for Demonstrator

Table 37: The standards/demonstrator matrix
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The IEC 60870-5-104 and 61850 standards 

Regarding the standards used within the scope of the “substation automation” activities, 
the IEC 60870-5-104 remains the most widely used standard as it has been used by all 
demonstrators. 
The transfer to the IEC 61850 is still ongoing nowadays and has been implemented by two 
demonstrators. In addition, the Italian Demonstrator has made some extensions to the 
IEC 61850 information model due to the fact that no official 61850 profile is available for 
EESS (Electrical Energy Storage System). These extensions have been forwarded to the IEC 
61850 working groups.

The Common Information Model (CIM)

At first, 5 out of the 6 demonstrators intended to use the CIM. Finally, only one demonstration 
used this model. This change can be explained by the difficulties the demonstrators faced 
while trying to implement the CIM. 

Notably, the demonstrator that used the CIM is the one managed by the utility (ERDF) 
that already implemented this model in its information system and developed the CIM 
interfaces in its data repository, before the start of the GRID4EU project. Both the CIM 
implementation and the mastering of the tools used to transform a data model were too 
complex and constraining tasks that were not compatible with the demonstrator level.

This observation does not affect the necessity of a common information model for utilities, 
shared by the vendors and the different systems of a Smart Grids for data exchanges. 
However it tends to highlight that the process of implementing such model - and particularly 
the CIM - needs to be addressed at the enterprise level, by an independent project of the 
utility, and not by a single project or a single demonstration. 

The CIM includes more than 600 classes related to various business of the utility, from 
network control to markets. This model has also evolved in different versions, and the 
common model transformation process towards concrete exchanges requires some 
specific techniques. This process begins to be facilitated today by the development of 
some tools such as MODSARUS© developed by EDF R&D.
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 5.3 The Use Cases

In the organisation of the IEC, a System Committee Smart Energy (SyC1) has been created 
in 2015. Its main objective is to develop a use case repository which would gather all use 
cases developed by the Technical Committees (TCs) of the IEC. GRID4EU suggested 
including its project Use Cases in this repository. 

Figure 111: Change in battery state of charge (SOC) during islanding30

It was therefore proposed to create the mapping between the Domain Core Teams (DCTs), 
which are the domains covered by the Smart Grids, and the GRID4EU Use Cases. If in 
some cases this mapping is obvious, SyC1 and GRID4EU Use Cases have not necessarily 
been described with the same granularity. Therefore as a first step, the Table 38: DCTs and 
demonstrator matrix provides the mapping between the DCTs and the demonstrators.

30. Source : ERDF
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DCT1. Transmission grid
DCT2a. Distribution Grid Management X X X X X X
DCT2b. Micro grids X X
DCT3. Smart Substation Automation X X
DCT4. Distributed Energy Resource
DCT5. Advanced Smart Metering Infrastructure X X X

DCT6. Smart Home / Commercial / Industrial / 
DR-Customer Energy Management

DCT7. Energy Storage X X
DCT8. Electric Transportation
DCT9. Asset Management
DCT10. Bulk Generation
DCT11. Market X

* Demo stands for Demonstrator

Table 38: DCTs and demonstrator matrix

To establish the final version of the mapping, a renaming or dispatching of the GRID4EU 
Use Cases into several sub Use Cases might be necessary. As an example, the SyC1 
methodology introduced the concept of Business Use Cases (BUC) and System Use Cases 
(SUC) to allow different levels of granularity.
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Besides the technical feasibility assessment of the Smart Grids solutions tested in the 
Demonstrators, it is necessary to carry out a cost benefit assessment in order to evaluate 
the opportunity of their large-scale rollout. Smart Grids innovations go beyond traditional 
network upgrades. Complex solutions with multiple impacts and affecting different 
stakeholders need to be assessed through an in-depth impact analysis and following a 
general well-structured methodological approach. Even if the projects are implemented 
within the distribution network, the scope of the cost benefit analysis generally includes the 
whole electric system, the environment and the society at large. The Cost-Benefit Analysis 
(CBA) considers all project impacts relevant to economic efficiency and, in its pure form, 
aims to quantify in monetary terms the value of all benefits and costs of a Smart Grids 
project against a reference condition, in order to make them comparable. It thus allows a 
consistent and homogeneous comparison of the merits of alternative solutions available to 
address the same goals.  

The standard CBA methodology hinges on two pillars: the economic and the financial 
analyses.

• The economic analysis has the purpose of assessing the desirability of a project in a 
societal perspective, compared to a baseline scenario in which the project is not 
implemented. This assessment requires to evaluate the project’s benefits and costs from 
a global point of view (i.e. without considering how they are spread among the project’s 
stakeholders). As a consequence, mere wealth transfers among the project’s stakeholders 
are not relevant in the economic analysis. 

The economic evaluation is the tool needed by Regulators and Governments to decide 
about the projects’ implementation opportunity and the best allocation of resources 
among alternative investment options. If most DSOs did not rely on this tool in GRID4EU, 
they also often use it as well. Indeed, by nature, investments in Smart Grids technologies 
tend to target the best quality of service to customers and the society as a whole.

The net benefit of the project, defined as the difference between total benefits and total 
costs, is taken as a measure of efficiency: a positive net benefit assesses that the use of 
resources is efficient and that the project is desirable in a societal perspective. A different 
metric, based on the ratio between the total benefits and the total costs, may be also 
used to compare and rank multiple alternative projects (as detailed in the deliverable 
gD3.6b section 2.3).

• The financial analysis assesses the economic viability of the project for the parties 
involved in its implementation (normally the main investor is the DSO). Only cash flows 
in and out of these stakeholder group are considered: cash flows involving other players 
are excluded. Sustainability of a project that has passed the economic analysis test (i.e. 
that is expected to deliver overall economic benefits greater than costs), may be an issue 
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in case there are obstacles to arranging (monetary) transfers of wealth from the prime 
beneficiaries of the project to the developer, who is assumed to bear the bulk of the 
project’s cost. In the context of Smart Grids investment projects in Europe, issues relating 
to transferring wealth from consumers (i.e. the final and prime beneficiary of most of 
the project’s benefits) to distributors (i.e. typically the Smart Grids projects’ developers) 
should be regulated. That is the case because energy regulators set distribution tariffs 
in Europe, and by doing so determine what part of the surplus enjoyed by electricity 
consumers is transferred to distributors (the main investors). As a consequence, within 
the context of the cost benefit assessment of a Smart Grids project, the financial analysis 
corresponds to the same assessment that regulators carry out for tariff setting purposes. 

The CBA activities within GRID4EU have been carried out either by a transversal work 
package, either by a few demonstrators, but with different perspectives and goals.

A methodological work that would contribute to standardise the European methodology 
for CBA of Smart Grids investments has been performed within a transversal work package, 
focusing on the economic analysis. Methods and recommendations for the correct 
implementation of the CBA and for the economic assessment of the benefits, useful 
to analysts and decision makers, are provided. The proposed methodology integrates 
JRC and EPRI approaches and complements them in several aspects.  Specifically, 
main methodological outcomes of this activity are related to: project definition, context 
description, baseline definition, impact analysis of Smart Grids projects for benefits’ 
identification, beneficiaries’ identification and definition of monetization criteria for selected 
benefits.
The transversal work package has strongly leveraged the interactions with the demonstrators; 
key messages included in section 6.1 also result from the experience thus gained.

A few GRID4EU demonstrators have also independently and autonomously performed 
some cost-benefit assessments of their Smart Grids solutions. Analyses by the German, 
the Swedish and the Czech Demonstrators reflect the utility perspective, linked with 
the regulatory framework currently in force, which results, in particular, in the benefits 
specification and/or in the approach for their evaluation. The economic analysis with a 
societal perspective has instead been considered by the French Demonstrator.
Main conclusions from the cost-benefit assessments performed by GRID4EU demonstrators 
are reported in section Erreur : source de la référence non trouvée 6.2.
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 6.1 Lessons learned on CBA methodology from the transversal 
  work package activity

Main methodological outcomes of the CBA activity performed within the transversal work 
package are hereafter summarised.

Project definition

The starting point of any CBA is the identification of the investment decision to be taken and 
the system to be assessed. This is a self-standing unit of analysis (hereafter called ‘CBA object’) 
and the appraisal in terms of benefits and costs refers to this unit as a whole. The definition of 
a CBA object relies on the unambiguous definition of the project’s perimeter. For the purpose 
of CBA, the project’s perimeter has to be clearly specified and this may require the exercise 
of the analyst’s judgment. Several factors impact the definition of the proper project and 
include the objectives pursued by the project, the use of assets that serve multiple logically 
independent systems and the sequential nature of the investments under examination. 
Each demonstrator targets normally more than one objective. In order to define the CBA 
objects, main goals of the demonstrator and the corresponding high-level functions have 
been identified, then all assets involved in the physical implementation of each high level 
function have been considered. Very different situations have been encountered within each 
of the six GRID4EU demonstration projects: namely, distinct and non-interactive system 
implementations related to different and disjoint goals (like in the Spanish Demonstrator), 
sharing of new installed assets among distinct logically independent systems which are 
related to different goals (like in the German Demonstrator). Finally, the French Demonstrator 
is an example of two logically independent systems sharing a few important assets that might 
be considered either as a unique project or as two different CBA objects, depending on 
whether the LV islanding system, which might have its own scope, is included or not.
Projects with independent non-interacting impacts and benefits and sharing no asset, have to 
be treated as separate projects for the purpose of the cost-benefit analysis.

Baseline definition: impact of exogenous/endogenous variables

The baseline scenario describes the state of the power system that would occur if the project 
was not implemented.
Regarding baseline definition, a specific characteristic of Smart Grids projects is that they are 
often developed in the context of a highly dynamic environment in which major changes in 
the distribution networks operation can be necessary. An important implication of this feature 
is that a baseline scenario built around the usual model to operate and develop distribution 
networks might not be relevant31. In case of firm exogenously given requirements such as, 
for example, hosting capacity targets for embedded generation (which are a by-product 
of exogenous political commitments to renewable production), both the project and the 
baseline scenarios must reflect the implementation of measures allowing to meet the given 
hosting capacity requirements. In practice, a reasonable choice for the ‘baseline project’, in 
this case, is one in which the exogenous targets are met by deploying traditional technologies. 

31. In this case the do-nothing scenario or the BAU scenario including only planned maintenance, are not applicable.
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Identification of benefits

Benefits and possible additional costs produced by the innovations are identified and 
quantified in differential terms with respect to the baseline scenario through an impact 
analysis. For this purpose, it appears to be preferable to focus on the technical functions 
implemented in the Smart Grids projects (EPRI) rather than to use high level functionalities 
describing the general capabilities of the Smart Grids (JRC). 
It is recommended to provide a clear description of the mechanisms leading to the 
benefits (but also to possible additional costs) on the basis of the assets deployed and of 
the functions implemented; in case of multiple functions contributing to the same benefit 
the analyst should explain how the overall impact is assessed.
The logical path followed for benefit identification is shown in Figure 112.

Figure 112: Benefit identification process

In case of benefits that can be hardly quantified and/or monetized, a qualitative assessment 
can be performed to complement the monetary one. A list of qualitative benefits and 
related KPI has been proposed by JRC. In case of overlapping between qualitative and 
monetary benefits, it is important not to double count the same project’s impact in both 
the assessments.

Beneficiaries identification 

Regarding the assignment of the benefit to the different stakeholders involved, it is worth 
noticing that the “first” beneficiary of a certain benefit might not coincide with the party 
who will reap the benefit once regulation or competition have fully produced their effects. 
For example, the DSO can be considered the first beneficiary of the benefit “Reduction of 
restoration cost” because he is the first subject that gains the benefit but, at the end, the 
final beneficiary is the customer that will pay less for the distribution services.
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Technologies,
devices,
systems
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Economic assessment of the Benefits 

The economic assessment of selected benefits supposed to have greater economic 
value and more widely shared among GRID4EU demos was discussed and the related 
monetization criteria were developed. The benefits considered are: the deferral of 
investment in Smart Grid projects related to hosting capacity, the reduction of sustained 
outages, the reduction of energy losses and the reduction of restoration costs. 

Although the initial aim was to find common criteria applicable at European level, the 
analysis highlighted the existence of generalisation barriers consisting in differences 
among countries, for example about the regulation, the practice of collection of network 
monitoring data, the definition of performance indexes or in the practice to compute them.
Referring, for example, to the reduction of sustained outages benefit, it was possible to 
identify an approximate monetization expression based on common accepted parameters 
like SAIDI and SAIFI reliability indexes – normally used in most countries to characterise 
the continuity of supply – and VoLL (Value of Lost Load). The application of standard 
indicators in the monetization formula enables and facilitates the comparison of economic 
assessment of Smart Grids projects in different regions. Nevertheless, attention has to be 
paid in the computation procedures or in the selection of the values of parameters. For 
example, differences in the selection of interruption events to be counted for SAIDI and 
SAIFI computation can significantly change the results.
 
For accurate CBA of projects aiming to improve the service continuity in a defined region, 
the right VoLL for that area should be used. In fact, the cost of the interruptions to customers, 
and then the VoLL, can vary a lot depending on the final use of energy. Thus, it may happen 
that the same investment in a Smart Grids project to improve service continuity with the 
same technical effectiveness gives different CBA results in different areas. A single VoLL 
value, set by regulators or governments, is used in most countries to assess the cost of all 
long service interruptions to all consumers at any time and, at most, different VoLL values 
are available for large classes of consumers (like: residential, industrial, commercial). This 
simplification can be adequate to evaluate the average benefit of very large scale (e.g. 
nationwide) projects, but could give misleading results on local scale. 
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 6.2 Examples of conclusions from the cost-benefit assessments 
  performed by GRID4EU demonstrators

Several GRID4EU Demonstrators performed a Cost Benefit Analysis of the approaches that 
were experimented. Examples of conclusions derived from these analyses are presented 
below.

The German Demonstrator

The Cost Benefit Analysis (CBA) for the Autonomous Switching System shows important 
issues for the prospective implementation. Following, the key messages are summarised:

• The Autonomous Switching System allows a delay of network expansion by about 3-4 
years in the network area in Reken. A complete avoidance of network expansion is not 
possible in this case;

• The quality of supply is significantly improved. In particular the ratios of non-availability 
will be reduced by about 30-40%;

• A comparison of the obtained benefits and the incurred costs shows that these are 
approximately in balance every year;

• The difference in the investment costs for the baseline scenario (conventional grid 
expansion) and Smart Grids scenario (Autonomous Switching System) cannot be 
compensated within the application period by benefits;

• Similarly, an extension of the application period does not affect the overall result of the CBA;

• The significant difference in investment costs is the main reason that an investment in the 
Autonomous Switching System is not economical in the current context;

• For the evaluation of the overall result of the CBA it has to be taken into account that, 
in the performed analysis, about 80% of the identified cost drivers were quantified, but 
significantly less benefits. It can be assumed that the overall result will be influenced 
positively by additional evaluation of the remaining benefits;

• Alternative technologies which can reduce the investment costs are not available on the 
market yet (in particular, alternatives to the used circuit breakers which had to be installed 
due to the high number of necessary switching actions).

The Swedish Demonstrator

• Even though the RTUs are installed on the outgoing LV lines, the RTUs can also support 
operation on the Medium Voltage side of the secondary substation. A broken fuse on the 
MV side (10 kV) can be detected by the RTU due to the fact that the load on the LV side 
will then become asymmetrical. Therefore the benefit analysis includes also the MV side;

• The benefit was analysed in terms of reduction of SAIDI in minutes by using the deployed 
RTU solution in rural secondary substations. The final calculation of the impact on SAIDI 
that this RTU solution may have on “reduced sustained outages” faults, according to JRC 
terminology, is estimated to be in the range of 5-12 percent, or approx. 6-15 minutes 
reduction of SAIDI for both MV and LV network;
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• The analysis showed a result which was not anticipated from the beginning. Initially, the 
scope for the BC was only to analyse what impact measurement in secondary substations 
could have on reduced sustained outages in the LV network. The results showed that the 
benefit would be the greatest for the MV case that is where the RTU is anticipated to 
contribute with most value;

• This analysis has only focused on one of the 23 benefits in the JRC model. If other of 
those benefits were to be included as well, e.g. reduced sustained outages and others, it 
is most likely that the overall benefits would be higher:

- It is further anticipated that other network company processes may benefit from the 
introduction of LV network monitoring, such as for instance Power Quality issues and 
network planning procedures, that additionally may even further increase the overall 
benefit;

- Another perspective would be to also include how the Smart Meters together with the 
RTUs could contribute to the benefit. Such an analysis would perhaps identify a larger 
volume of faults that could be qualified to be included in the analysis, as well as support 
activities in the general process in a positive way. 

The Czech Demonstrator

• The Czech Demonstrator performed preliminary CBA;

• Results of CBA were influenced by limited number of use cases tested within the Czech 
Demonstrator (low range of benefits) and relatively short time for evaluation of KPI’s and 
thus CBA will be recalculated once again when the KPIs reach its statistical confidence;   

• Volt-var control of DER in MV and LV grids is a cost effective way for a smoother DER 
integration;

• The results of CBA showed highest potential in automated failure management of MV 
network followed by Island operation and finally in automated failure management of LV 
network, in case that asset costs are included in DSOs RAB by the regulation.

The French Demonstrator

• The economic valuation of the French Demonstrator is based on the study of 3 use cases 
(I, II and III) and analyses the economic potential of different flexibility segments:

- “grid” (storage systems in primary substation, in secondary substation, and on low 
voltage network);

- “residential” (hot water tank, electric heating, residential battery, “Solar Bonus” and 
behavioural load management);

- “businesses and municipalities”.

• In all cases studied (on various low voltage network typologies: length, section, production/
consumption ratio), the economic result of flexibility tested in French Demonstrator is, to 
date, negative. This can be explained by:

- A low use duration for the installed equipments (e.g. storage use amounts to 90 days 
in a year at most);
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- A reduced scope of the tested functionalities (e.g. no valuation of ancillary services, no 
maximisation of valuation of peak production avoided).

• To present most interesting cost/benefit ratios, flexibility use to solve constraints on low 
voltage network must address two issues:

- Aggregate a significant enough panel of customers to obtain a volume of sufficient and 
predictable flexibility;

- Provide flexibility on the stressed phase of the grid (e.g. at customer/producer location).

• The economic results are highly variable, including on similar type of networks. A “case 
by case” approach is therefore necessary to determine the possible use of flexibility; 
therefore on 52 cases tested with 17 low voltage networks of various typologies:

- In 1 case; a cost reduction by 25% would achieve breakeven (this case is based on the 
use of electric hot water tanks and tariff incentive during “solar peak hours” for summer 
PV management);

- In 2 cases; a cost reduction by 55% would achieve breakeven (these two cases include 
the additional deployment of some residential batteries);

- In 49 cases; economic efficiency is too far from equilibrium to justify any deployment 
(either due to significant deployment costs or due to too high or too low network 
constraints).

• At the LV scale, solutions deployed at producers’ premises are promising. Activation of the 
French Demonstrator flexibilities at all distributed residential producers has a significant 
impact on the LV profile:

- by addressing the (surplus) output at source;

- by solving the issue of the constrained phase;

- by allowing for the development of real-time local servo controls based on the effective 
measurement of sunshine or voltage (e.g. to store at each second only the surplus 
power generated).

• However, they could prove less efficient when a majority of customers are absent from 
their homes, and therefore do not consume or do not store power. Other drivers might 
then be necessary, such as a feed-in reduction of solar power; 

• To improve the economic balance, it would seem necessary to coordinate the local 
and national optimisation processes and to look for value on existing or future market 
mechanisms.
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 7.1 Scalability and Replicability Analysis (SRA)

Demonstrators implement Smart Grids use cases in real-life systems and thus provide a 
very valuable experience. However, the results are subject to the specific context where the 
tests are carried out. Therefore, a thorough analysis is needed to understand the effect of 
the context on the results of Smart Grids deployment. This is precisely the main goal of the 
scalability and replicability analysis (SRA) as proposed in GRID4EU.

Broadly speaking, the scalability of a system may be defined as its ability to increase in size, 
scope or range, whereas its replicability refers to the ability to be duplicated in another 
location or time. Therefore, the SRA of a Smart Grids solution aims to determine the effect 
that may be expected from the implementation of the solution at a larger scale or in a 
different time and location.

Within GRID4EU, a novel methodology has been developed to carry out SRA of the 
GRID4EU use cases. In terms of scope, the GRID4EU SRA methodology intends to evaluate 
the potential impact of the implementation of a specific Smart Grids Use Case under varying 
boundary conditions and scales, through a combination of quantitative and qualitative 
analyses. The GRID4EU SRA focused on the technical, economic, social and regulatory 
aspects of the implementation of the Smart Grids. This implies that technological factors 
such as the functioning of software and hardware solutions, or parameters such as their 
modularity, standardisation and interoperability, are not factored in.
Therefore, the SRA results can be useful to anyone willing to adopt or assess a similar 
solution, irrespective of the specific equipment or technologies in the Demonstrators.
The SRA methodology comprises two main steps. Firstly, a detailed quantitative simulation-
based technical analysis aims to compute the KPI values under different boundary 
conditions. The second stage is a qualitative evaluation of the regulatory aspects, as well as 
the perspectives of the relevant stakeholders, to identify barriers, enablers and drivers for 
the scalability and replicability of the Use Cases.
This section briefly describes the main lessons learnt from the conducted SRA, the SRA 
rules extracted from the simulations and a discussion on how non-technical boundary 
conditions can affect the replication and upscaling of the Smart Grids. SRA results are 
presented in detail in deliverable gD3.5. 
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 7.1.1 Technical Scalability & Replicability Analysis

Given the wide range of Smart Grids solutions tested, three groups of use cases were 
identified according to their goals and characteristics for the development of simulation 
models and sensitivity analyses for technical SRA.
• Use Cases aiming to improve grid reliability through network automation, comprising 

the following Use Cases: Failure management in MV networks (German Demonstrator), 
Automatic grid recovery (Spanish Demonstrator), Failure management in MV (Czech 
Demonstrator) and Failure management in LV (Czech Demonstrator);

• Use Cases seeking to increase the hosting capacity (HC) for DG by means of voltage 
control, demand response or grid reconfiguration, comprising the following use cases: 
Decentralised grid operation in MV networks (German Demonstrator), LV Network 
Monitoring and Control (Swedish Demonstrator), Voltage regulation in MV (Italian 
Demonstrator), and Maximise PV production in LV (French Demonstrator);

• Islanding operation and anti-islanding protection, comprising the following Use Cases: 
Anti-islanding protection (Italian Demonstrator), Automated islanded operation (Czech 
Demonstrator) and Islanding (French Demonstrator).

The technical impacts that may be expected from the SRA of the Smart Grids solution tested 
within GRID4EU, as well as the conclusions derived from such analysis, are summarised 
in the next sub-sections. More on the considered SRA methodology and the boundary 
conditions can be found in the deliverables gD3.1, gD3.2 & gD3.3
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 7.1.1.1 Technical SRA on reliability improvement 
  through network automation

The Use Cases grouped in this category rely on network monitoring and automation for 
fault detection and remote control of switching elements to improve continuity of supply, 
both by reducing the amount of consumers affected by an interruption as well as the 
duration of these interruptions. Therefore, the main KPIs to measure their impact are 
indices of continuity of supply, such as SAIDI and SAIFI. The main difference between them 
is whether the switching control is local or centralised, and whether the control system is 
autonomous or must be supervised by an operator. 

The technical SRA for this group of Use Cases consists in computing continuity of supply 
indices through a simulation tool that emulates the actual process of fault location, 
isolation, service restoration and repair performed by DSOs. Ten representative networks32  
have been evaluated, showing differences in grid architecture, meshing degree, protection 
schemes, registered indices of continuity of supply and level of existing automation. 
Sensitivities to different boundary conditions affecting scaling-up and replication of these 
Use Cases carried out include: network length, failure rate, type of automation solution, 
and degree of automation. The analysis considered both the effect of fault-pass detection, 
which allows for a faster fault location, and remote operation of load break switches in 
secondary substations, which enable much faster fault isolation and restoration.

Main lessons learnt

Telecontrol of load break switches has a very significant impact on both the frequency and 
duration of supply interruptions suffered by consumers. On the contrary, fault-pass detectors 
have a much milder impact on the duration of supply interruptions (see Figure 113).

Figure 113: SAIDI values achieved with telecontrol or only monitoring  
for three urban MV networks

32. The selected networks are relevant and complementary for the tested use cases, but do not constitute a fully 
exhaustive set and no representativity rates are assigned to each network within each DSO or demonstrator country.
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The impact of telecontrol is generally very noticeable for automation degrees up until 
20-40%. However, there is a saturation effect which dilutes the benefits of adding further 
automation beyond that point. Moreover, the reliability improvement achieved through 
automation is much more significant for networks with initially low levels of reliability, 
which also corresponds to longer feeders or grids showing higher fault rates. This is 
clearly shown in Figure 114. The results allow inferring that, given the higher degree of 
meshing and the input-output configuration of secondary substation in urban networks, 
MV automation should ideally be introduced gradually in urban areas, prioritising the full 
automation (monitoring + telecontrol) of a share of secondary substations (up to 20-30%) 
distributed along the feeder. Nonetheless, monitoring may be the only option available 
when there are no load break switches and it can help reduce interruption duration.
 

Figure 114: SAIFI (left) and SAIDI (right) for different shares of telecontrol  
in 5 MV grids per type of area

The design of the control system, i.e. whether a local/centralised or supervised/autonomous 
system is implemented, may impact both SAIDI and SAIFI due to the regulatory threshold 
of three minutes for an interruption to be reflected in the reliability indices. Nonetheless, 
the observed difference in time response between centralised and local control systems is 
generally negligible, albeit human supervision introduces a longer, more arbitrary response 
time which may cause this threshold to be surpassed. The effect of the response time of the 
system becomes more noticeable for higher automation degrees, as shown in Figure 115.
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Figure 115: SAIFI and SAIDI values for urban MV networks considering different 
response times to account for centralized/local, supervised/autonomous control.

Another parameter that may affect the replicability of the tested solutions is the reliability 
indices measured by regulators. Therefore, different sets of indicators, i.e. SAIDI/SAIFI vs. 
ASIDI/ASIFI, have been compared for the same automation scenarios. As displayed in Figure 
116, different results are obtained, mainly depending on the distribution of the demand. The 
use of SAIFI/SAIDI would encourage DSOs to prioritise reliability improvements in areas 
with a higher number of consumers, while ASIFI/ASIDI would prioritise areas with a larger 
demand or high consumption users. In urban areas, the differences among the two sets 
of indices are typically less noticeable since consumers tend to be more homogeneous 
among them, i.e. mostly residential.

Figure 116: SAIFI, ASIFI, SAIDI and ASIDI values for different shares of fully automated 
secondary substations for an urban (left) and a rural (right) MV network.

One of the GRID4EU demos has evaluated the improvement in continuity of supply 
achieved through the automation of LV street cabinets enabling the reconfiguration in 
case of a fault. Therefore, a similar analysis was carried out for LV networks. However, 
LV networks usually have no or very few interconnections or switches to be operated. 
Therefore, whilst LV cabinet automation achieves a reduction in SAIFI and SAIDI in the same 
way than in MV grids, DSOs may prioritise the automation of the MV grid over the LV grid 
since these affect a much higher number of network users.
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 7.1.1.2 Technical SRA on Use Cases aiming 
  at increasing network hosting capacity

The use cases grouped in this category are focused on increasing the volume of DG that 
can be connected in distribution networks making use of different elements (use of storage, 
reactive power output of DG units, network reconfiguration and demand side management). 

Main lessons learnt

In general, European distribution networks have been planned and sized to allow for 
demand growth over long periods of time, so even for the scenarios of maximum demand, 
voltage profiles usually remain within acceptable limits. In the presence of DG, the net 
demand is reduced in the system, and voltage rises in the network. A strong penetration of 
DG can lead to overvoltages. 
Since voltage deviations across the lines are proportional to the impedance of the lines, DG 
causes higher voltage rises in rural networks, which are typically much longer, 

The interaction between demand and generation in time is a key aspect to the integration 
of DG. If DG production is injected into the grid at periods of high demand, the energy is 
consumed locally, and the effect on the operation of the distribution system is very positive. 
The most problematic situation is having DG production during periods of low demand. 
This interaction of generation and demand is given by their load and generation profiles. 
Generation profiles depend mainly on the technology of DG: PV and wind power production 
is determined by meteorology, whereas CHP production is linked to the use of electricity and 
heat. Additionally, the size and location of DG is also very relevant. Small DG units, such as 
PV rooftop panels, are connected at the LV networks. Larger DG units, such as solar farms 
or wind turbines, are much bigger and are typically connected to the MV grid. The size and 
location of DG is typically linked to DG technology, but is also much related to the regulation 
in place in each country (DG connection rules), incentive mechanisms (eligibility for feed-in 
tariffs), and historical/social reasons, all of which may vary across regions and countries. The 
size and use of DG will result in a more disperse DG (such as for instance in the case of a 
residential area where many consumers may have small PV panels), or more concentrated 
(for example in the case of a rural area where there are several solar farms connected at 
MV). The farthest DG is located from the primary substation, the higher the voltage deviation 
caused. Concentrated DG is more problematic for voltage profiles. Typically, larger DG units 
may be expected in more rural areas, while smaller DG units may be found connected to the 
LV network in more residential areas. The effect of a more distributed DG is smoother, since 
power flows are locally counteracted by the demand of consumers in the network.

Main lessons learnt on network reconfiguration

Reconfiguration can help solve or mitigate voltage problems caused by concentrated DG: 
a) load from another feeder can be transferred to the feeder where the DG is located, so 
that a higher share of the injection of the DG is consumed locally and therefore the excess 
of power is decreased; b) DG can be transferred to a feeder with a higher load so that the 
DG production is consumed; c) DG can be transferred to a different part of the grid so 
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that it is connected closer to the primary substation and therefore the voltage rise is lower. 
However, when the lines are overloaded due to the power flows originated by the injection 
of DG, the effect of reconfiguration is usually more limited. 

Reconfiguration systems are typically designed for fault management and service restoration. 
For this reason, increasing the degree of automation may not improve hosting capacity in 
many cases. The potential of reconfiguration is also linked to the distribution of generation 
and demand with respect to the location of switching modules. In the case of having 
regions with higher DG penetration and other regions with higher load, or lower presence 
of DG, reconfiguration can have a much deeper impact if alternative configurations include 
transferring part of the DG to feeders with less DG or higher demand.
The structure of the network, in terms of meshing, interconnections and available switching 
elements, is crucial, since it determines the possible alternative configurations of the 
network. The structure of the network is typically linked to the type of distribution area. 
In general, urban networks are more meshed and interconnected, and most secondary 
substations are connected in an input-output configuration through load break switches. 

Main lessons learnt on voltage control in MV networks

The voltage control strategies analysed include the following: (i) regulation of transforming 
relationship at the primary substation through on-load tap changers (OLTC)  ; (ii) active 
participation of DG, controlling reactive power according to power factor set points sent 
by the DSO ; and (iii) use of battery storage connected to the MV grid and controlled by the 
DSO. These strategies may be regarded as alternatives to network reinforcement. 

Voltage control using OLTC in the primary substation

The tap of the transformer sets the transforming ratio so that the voltage at the head of 
the feeder can be increased (or decreased). The effect of this measure is the increase 
(or decrease) of the voltage on all nodes of the network, is a shift of the voltage profile. 
Network hosting capacity can be dramatically increased if voltage is the limiting factor. 
However, overloading of the lines may be more critical in some cases. 
In the case of local problems, such as when having concentrated DG in a certain region of 
the network, the use of OLTC can help solve the problem of overvoltage but worsen the 
voltage at other feeders with high demand and low voltage.

Participation of DG in voltage control

Distributed generation can participate in voltage control by regulating its reactive power 
output and thus help mitigate the voltage rise caused by the injection of active power. The 
most appropriate power factor must be determined according to the state of the grid. 
Reactive power from DG is an effective voltage control strategy and, as it is provided by the 
same element that causes the overvoltage, compensation is provided in the best possible 
location. However, the effect of reactive power output from DG on voltage variation is 
quite limited in comparison to OLTC.  Moreover, DG units exchanging reactive power may 
increase power flow and, in that case, the thermal limits of the lines can become the 
limiting factor for a lower DG penetration degree than in the case of OLTC. 
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Use of storage

Two main uses of storage have been identified for voltage control:
a) Charge of the battery: Storage located near DG can help mitigate the voltage rise caused 

by DG by absorbing the excess of energy (the energy injected into the grid by the DG that 
is not consumed locally).

b) Discharge of the battery: In the case of having several feeders with increasing voltage 
profiles and overvoltages, and storage located in a feeder with a decreasing voltage 
profile, the tap would be changed to increase voltage in all of them. This would solve 
overvoltages in feeders with high DG production, but would deteriorate the voltage 
profile in the feeder with higher demand. Storage could inject active power in order to 
increase voltage in the latter.

The closer the storage is located to the DG, the deeper the effect of storage, since power 
injection from the DG is compensated and flows along the network are reduced.

Combination of voltage control strategies

Using the three resources available, better results can be achieved. As an example, Table 
39 displays the increase of network hosting capacity achieved for a rural network with 
PV located at the most unfavourable node with the different voltage control strategies 
separately and in combination. 

 Voltage 
Limits OLTC PF Storage OLTC & 

PF
OLTC & 
Storage

PF & 
Storage

OLTC, PF 
& Storage

-5%, +3% 93% 52% 74% 149% 178% 166% 228%

-5%, +5% 66% 56% 48% 75% 117% 103% 117%

-7%, +7% 38% 24% 36% 38% 73% 62% 73%
-10%, 
+10%

0% 0% 25% 0% 25% 25% 25%

Table 39: Increase of network hosting capacity (∆NHC) for rural network #6  
with PV located at the most unfavourable node, considering different voltage limits,  

and applying OLTC, control of DG PF, and/or using 1MW battery located together with the DG. 

In cases where voltage is the limiting factor, more frequent in the case of rural feeders and 
concentrated DG for restrictive voltage limitations, better results are achieved when using 
the combination of all strategies considered to obtain the highest increases of network 
hosting capacity. OLTC is the most effective resource to decrease voltage.
However, when the lines are overloaded and current is the limiting factor, network hosting 
capacity can only be increased applying voltage control strategies that decrease active and 
reactive power flowing through the lines. Voltage control provided by DG is based on the 
injection of reactive power, which increases the loading of the lines resulting in an earlier 
thermal limit constraint violation. In these cases, the most effective solution is the use of 
storage close to the DG injections.
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Main lessons learnt on LV monitoring and phase unbalance

Voltage and current unbalance can be a relevant problem in LV distribution networks, 
often neglected by DSOs due to the current lack of LV monitoring. In higher voltage 
levels both generation and demand are typically three-phase and balanced. However, LV 
loads are generally connected to a single-phase, only distributed initially at the time of 
connection. Furthermore, since DER such as EV charging points and PV units are most 
frequently connected to the LV grid as single-phase conections, phase unbalances are 
bound to increase. In order to determine network hosting capacity capturing the effect 
of unbalances, a three-phase unbalanced power flow analysis has been carried out for 
different scenarios.  
The increase in phase unbalance results in exponentially higher energy losses (losses factor 
values ranging from 1.3 up to 3.9 times the losses for a balanced network). The degree of 
phase unbalance also affects bus voltages and, consequently, the network HC. The higher 
the unbalance, the more noticeable the effect of loading levels on bus voltages, measured 
as the number of consumption points below the limits (90% of rated voltage according to 
EU standards). 

Electric vehicles

Under the presence of electric vehicles slow charging, the loading of the lines increases, 
and the implications of phase unbalance remain the same: energy losses and voltage 
deviations increase exponentially with unbalance. Since EV charging is expected mainly in 
the load in valley hours (during the night), no under-voltage problems are expected. If EV 
charging took place during peak demand, energy losses would increase much more and 
voltage problems could arise.
If fast charging stations were used33, these would presumably be connected as a three-
phase load. Therefore, in spite of rising network loading and losses, system unbalance 
would not be affected.

Distributed generation: PV

Moderate penetration levels of PV (up to 75% of maximum capacity) mitigate the increase 
in losses driven by system unbalances, whereas higher PV penetration degrees (100%) 
produce the opposite effect. For higher shares of PV, when PV production exceeds the 
demand, over-voltage problems may arise and limit network hosting capacity, especially in 
the case of longer lines. 
Unbalance reduces network hosting capacity, so that most of the networks studied can 
accommodate a volume of PV of around 75% to 100% of the total contracted power of 
consumer for high degrees of phase unbalance. 

33. Note that fast charging stations will be most probably directly connected to the MV network given the charging 
capacity needed. Hence, this discussion in mainly hypothetical. 
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Main lessons learnt on flexibility management in LV networks to avoid
transformer overloading 

In line with the NEM, technical SRA of this use case has considered the secondary substations 
as the reference to consider a minimum area to manage the provision of flexibility, grouping 
all the consumers and DER connected to the LV lines fed by one secondary substation. 
The technical SRA has focused on the flexibilities that could avoid the overloading of 
transformers of secondary substation that limit the network hosting capacity. 

The most relevant factor is the interaction between demand and PV generation profiles. In 
general, PV production and domestic demand are not very coincident: heating and lighting 
represent a high share of demand, and this demand is higher when the sun is not shining, 
when it is colder and there is no light. 

Energy storage in batteries and flexible demand can consume the excess of power injected 
by PV when demand is low, so that network hosting capacity is increased. Consumers with 
electric water heaters can easily provide flexibility by shifting their demand. 

In general, the demand of residential consumers during the day is higher at the weekends, 
when people are home. Therefore, workdays are more critical for the integration of PV 
production. In the case of commercial consumers, the use of electricity is more diverse 
(small shops may close during lunch time and at the weekends, whereas restaurants and 
other shops open during mid-day, so that PV generation is more aligned with the demand). 
Typical Time-of-Use tariffs already existing for consumers with electric water heaters 
discriminate on- and off- peak periods, defined according to typical demand profiles. 
Therefore, demand is shifted from daytime to the night. However, as PV is introduced in the 
LV network, the excess of PV production may cause overloading of the transformer of the 
secondary substation. 

The geographical location determines the PV production curve (higher number of annual 
hours of sun and annual PV production in southern Europe, higher variation of the number 
of daily hours of PV production throughout the year in northern countries). This results in 
very different needs for storage and demand flexibility to avoid PV curtailment. 
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 7.1.1.3 Technical SRA on islanding and anti-islanding

Islanding and anti-islanding Use Cases have been modeled in Matlab-Simulink to study the 
dynamic response of the distribution system during islanding.

Main lessons learnt on MV islanding with CHP (Czech Demonstrator)

The grid power through the grid connection point at the time of the disconnection 
determines the size of the disturbance which should be compensated by the CHP unit. 
Thus, the successful islanding highly depends on this imbalance, as shown in Figure 117. 
Under-frequency problems occur when the grid was injecting active power to the islanded 
area, whereas over-frequency problems occur when the islanded area was exporting 
electricity. In case of very high imbalances, the frequency might reach its maximum or 
minimum limits respectively and consequently the CHP unit might be disconnected from 
the islanded area. Since under-frequency load shedding mechanisms were applied, the 
islanding performance under low frequency values was generally better compared to cases 
with high frequencies. 

Figure 117: Voltage magnitude (top) and frequency (bottom)  
for different power mismatches

The presence of fast controlled loads that can be switched on and off within hundreds 
of milliseconds after the disconnection considerably improves the system frequency 
response. Figure 118 (bottom) shows how this load may enable sustaining the islanded 
area in a situation where the CHP alone could not achieve it. Additional analyses showed 
that increasing the amount of controllable load not only resulted into a successful islanding 
under more demanding conditions, but also in an overall improvement of the system 
frequency response. Moreover, under-frequency load shedding may remarkably improve 
the frequency response during islanding. What is more, implementing more granular 
steps in the UFLS scheme led to a lower amount of load shedding for a similar frequency 
response. 
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Figure 118: Voltage magnitude (top) and frequency (bottom)  
with and without fast controllable loads

The relevance of the grid disturbance with respect to the successful islanded operation 
was discussed above. Nonetheless, it was also observed that, for the same size of the 
imbalance, different levels of CHP unit production and total load consumption could also 
affect the CHP unit performance. For instance, if the CHP unit has a low headroom (either 
upwards or downwards) as compared to the disturbance, islanding could be unsuccessful.

Furthermore, the islanding process may not only depend on the CHP unit, but also on 
the type of load. In order to assess this factor, several scenarios for residential, industrial 
and commercial areas were simulated (as shown in Figure 119). Results showed that the 
dynamic response of induction machines could highly affect the frequency and voltage 
profiles during the islanding.
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Figure 119: Voltage magnitude (top) and frequency (bottom) 
under different types of loads

Additional sensitivities to several additional parameters were carried out. Notwithstanding, 
these showed a negligible impact on the performance of the islanding system. These 
parameters include: MV operating voltages, conductor types (e.g., overhead or 
underground), PV cloud effect or load variations happening over the span of a several 
minutes.

Main lessons learnt on LV islanding with PV and storage (French Demonstrator)

Firstly, the results obtained regarding the seamless transition from grid-connected to islanded 
modes will be commented. Similarly to the previous use case, the grid power disturbance 
at the moment of islanding is one of the key parameters determining the success of the 
transition. As shown in Figure 120, the BESS is able to withstand a significant disturbance 
due to its fast dynamic response. Nonetheless, under extreme situations, the frequency 
would indeed exceed allowable limits, leading to an island shut-down. Noteworthy, the 
BESS response is not symmetric, generally showing a faster response when discharging.
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Figure 120: Voltage magnitude (top) and frequency (bottom) 
under different size of the disturbance

In this case, it was seen that induction machines could increase the inertial response of 
the system, thus improving the BESS performance. However, this may hardly ever happen 
in practice since modern induction machines are typically connected through a power-
electronics. On the other hand, using automated demand response as a control variable 
may indeed support BESS during islanding. 

Lastly, the influence of the BESS characteristics was analysed. Results show that if the BESS 
unit set points before the islanding were close to its maximum or minimum power limits, 
the BESS performance could be highly reduced. Therefore, an inadequate BESS size may 
affect its capabilities to control the voltage and frequency within allowable limits (see Figure 
121). Thus, the BESS unit size should be carefully defined with respect to the expected grid 
power disturbance, which depends on the total load consumption and PV production in 
the area. 
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Figure 121: Voltage magnitude (top) and frequency (bottom) 
for different sizes of the BESS

In case of uncontrolled islanding, the BESS could be applied to black-start the LV area. In 
these situations, the type of load to be reconnected is very relevant. Induction machines 
could have very high in-rush current which remarkably decrease both voltage and frequency. 
For instance in Figure 122, the connection of 40 kW inductive load at t=2 sec caused a 
1.55 Hz frequency drop, whereas the connection of a similar constant impedance load at  
t=12 sec only led to a 1Hz drop. Thus, the BESS performs better for constant impedance 
loads. Notwithstanding, since modern induction machines have power-electronics 
interfaces, this problem would not be very relevant. 
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Figure 122: Voltage magnitude (top) and frequency (bottom) 
when reconnecting different types of loads

In any case, the feasibility of successful black-start mainly depends on the size of the load 
to be re-supplied. Generally, the BESS unit had high capability to pick up high values of load. 
Likewise, the BESS unit performance was very acceptable even for the sudden connection 
of PV units. Nonetheless, PV units should be gradually reconnected whenever possible. 
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Main lessons learnt on anti-islanding (Italian Demonstrator)

The results obtained allowed identifying the conditions under which the islanding situation 
cannot be detected by the protection schemes. The voltage deviation during unintentional 
islanding depends almost exclusively on the active power mismatch, whereas the frequency 
deviation depends almost exclusively on the reactive power mismatch (see Figure 123).  
The island situation may not be detected by protections even for relatively large values 
of active power mismatch (in the case analysed, under the assumptions made for this 
technical SRA analysis, islanding is detected only if PV production exceeds demand by over 
18%). The simulations confirmed that both effects, active power vs. voltage and reactive 
power vs. frequency, are largely independent and additive. What is more, both effects 
are approximately linear around their nominal values. Hence, the results could be easily 
replicated in various distribution areas. Nevertheless, this would be subject to an accurate 
estimation of the local load model since the characteristics of the load to be supplied 
greatly determine the frequency response of the system. On the one hand, if the resonant 
frequency of the equivalent RLC model of the system remains within the protection 
sensitivity thresholds, then the islanding might not be detected due to frequency values 
outside range. On the other hand, for loads with very poor quality factors the frequency 
of the islanded area might reach steady state values with a considerable, delay, and the 
islanding condition might not be detected and removed in due time with the expected 
clearing time. 

Figure 123: Voltage (top) and frequency (bottom) for different sizes of active (left)  
and reactive (right) power mismatch
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Concerning the previous comment, the results showed that the characteristics of the 
load to be supplied (shunt RLC model) determines the frequency response time of the 
system. On the one hand, if the resonant frequency of the equivalent RLC model of the 
system remains within the protection sensitivity thresholds, then the islanding might not 
be detected due to frequency values outside range. On the other hand, for loads with very 
poor quality factors, the frequency of the islanded area might reach steady state values with 
a considerable delay, and the islanding condition might not be detected and removed in 
due time with the expected clearing time. These effects are illustrated in Figure 124. This 
means that the results could be immediately extended and upscaled for different power 
systems with various sizes, network types, and voltage levels, if the parallel resonant RLC 
values of the equivalent load could be properly calculated by the DSO.

Figure 124: Voltage (top) and frequency (bottom) for different load characteristics

Inductive loads were not modelled in this case. Nonetheless, in case these were relevant 
for a certain area, these could be estimated and incorporated into the inductance L of the 
equivalent parallel resonant RLC load model. Lastly, since the total MV lines impedance 
was relatively much lower than the RLC load impedance, the effect of different types of 
conductors, e.g., overhead power lines or underground cables, or their length (within 
regular values) was deemed negligible in most of the cases. 
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 7.1.2 Non-technical boundary conditions

The effect of regulation and the perspectives of the relevant stakeholders involved in the 
implementation of Smart Grids Use Cases on their potential for replication and up-scaling 
has been analysed, and the main findings are discussed in the following sub-sections.

 7.1.2.1 Main regulatory drivers and barriers affecting scalability 
  and replicability

Regulation has been analysed to identify potential drivers, enablers and barriers for the 
scalability and replicability of the GRID4EU use cases. 
Traditionally, regulation was focused on how to balance the need to ensure investment 
adequacy and the incentives for DSOs to cut inefficient costs. Thus, regulatory frameworks 
have usually been based on cost of service regulation, RPI-X regulation, or a combination of 
both. However, growing volumes of DG-RES, the increasing consumer awareness and the 
development of the so-called Smart Grids technologies are driving a change in paradigm. 
Nowadays, the major regulatory dilemma is how to move away from short-term cost 
reduction incentives so as to encourage DSOs to innovate and integrate DER efficiently 
over the long-term. Hence, pilot project and demonstration activities are being promoted 
by regulators and policy-makers through input incentives and grants. Nonetheless, the 
long-term adaptation of DSO regulation seems to be a pending issue yet.

The solutions aiming to increase network hosting capacity (HC) can be hindered by 
regulatory designs that promote conventional grid reinforcements over advanced solutions. 
These comprise input-based approaches to remunerate network CAPEX or mandating DG 
operators to pay deep connection charges. On the contrary, equalising the incentives for 
DSOs to cut OPEX and CAPEX and shallow connection charges would promote these 
solutions. Moreover, in order to mitigate the increasing uncertainties faced by DSOs under 
this environment, regulators could incorporate flexibility mechanisms in remuneration 
formulas and set ex-ante revenues that account for the forecast future investment needs 
on the basis of DSO-submitted detailed investment plans, thus avoiding a CAPEX time-shift 
problem.  
These previous Use Cases often depend on the active participation of distribution network 
users such as DG, storage or demand response. However, the regulatory mechanisms to 
enable such interaction are not commonly in place. The scarce occasions in which this may 
happen, these schemes are usually limited to mandatory requirements on DER to address 
emergency situations, rather than contract-based or market-based transactions where DER 
are remunerated on the basis of the value of the service they are providing and where DSOs 
may truly rely on network users as an alternative to network reinforcements. Additionally, 
the potential contribution of energy storage systems still depends on the definition of an 
ownership model for such assets, which ought to be compatible with existing unbundling 
rules for DSOs. 
Similarly to the case of energy storage, the lack of a clear regulatory framework governing 
the role and data management of smart metering may constitute an important barrier for 
scalability and replicability of solutions relying on this technology, i.e. demand response and 
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LV supervision enabled by AMI. Likewise, these Smart Grids solutions may be hindered by 
limited meter functionalities and restricted DSO access to data generated by the meters, 
including consumption data, power quality data, etc. 

In addition to the overall revenue regulation, Use Cases whose ultimate goal is to improve 
reliability are heavily influenced by the existence and design of continuity of supply 
incentives for DSOs. The absence of such incentives or an inappropriate design, e.g. 
scarcely demanding reference values, wide deadbands or tight caps/floors, may act as 
barriers for the replicability and scalability of these Smart Grids solutions. This regulatory 
analysis has strictly focused on the economic regulation of DSOs and their interaction 
with the different types of distribution network users. The main reasons for this is that 
GRID4EU is a DSO-centred project. However, Smart Grids deployment and the progressive 
decentralisation of the power system being witnessed in Europe may call for a stronger 
interaction between DSOs and the upstream power sector actors, particularly TSOs. The 
TSO-DSO interaction for an efficient integration of DER in the overall power supply chain is 
a line of future research and relevant item in the European regulatory agenda.
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 7.1.2.2 Stakeholders’ perspectives affecting scalability and replicability

The regulatory analysis summarised above has clearly shown the need of DSOs to actively 
interact with a wider range of stakeholders such as network users or TSOs. Therefore, 
incorporating the perspectives of stakeholders is key to understand the replicability and 
scalability potential drivers and barriers for Smart Grids solutions. The expectations and 
behaviors of stakeholder groups comprising regulators, end consumers, DG operators, 
equipment manufacturers, ICT service providers, TSOs and suppliers/aggregators have 
been analysed. Consumers are presumably the most extensively analysed group, although 
the focus has been commonly placed on enabling technologies and economic incentives, 
neglecting critical subjective factors such as motivation (environmental concern or 
comfort), trust in suppliers or privacy issues. Hence, consumers are not homogeneous 
with respect to engagement activities. Moreover, the outcomes of particular experiences 
may not be generalised as these perspectives show a very strong local or even community-
related dependency. Successful engagement in pilot projects may not be easily scalable 
since these usually rely on voluntary participation, resulting in non-representative samples, 
or ad-hoc incentives and information campaigns, which would be too costly at a large 
scale. Therefore, low degree of consumer involvement and engagement costs are key 
drivers for scalability. An additional factor that may act as barrier or driver is the level of 
maturity of the retail sector and how used end consumers are to dealing with different 
suppliers and tariff alternatives. 

• DG and storage (when owned by third-parties) may also provide grid services to DSOs 
in several of the use cases evaluated. In this case, subjective aspects may presumably be 
less relevant as compared to implementation costs, technical requirements or suitable 
economic signals. 

• Despite the fact that the direct involvement of TSOs in GRID4EU is rather limited, this does 
not mean that TSOs are not relevant stakeholders. Due to the increasing decentralisation 
of the power system, DER flexibilities may no longer be neglected in system operation. 
Therefore, a stronger cooperation and trust between TSOs and DSOs will be necessary, 
for which clear regulatory guidelines are necessary to remove barriers for scalability and 
replicability. 

• Suppliers and aggregators may act as intermediaries for consumers. However, 
inappropriate functioning of retail markets and the lack of trust of end consumers can 
hamper this possibility. Moreover, even if aggregators succeed in customer engagement, 
they may see a higher value in non-DSO services, hampering the scalability and 
replicability of distribution solutions.

• The need to adapt regulation places regulators as key stakeholders for upscaling 
and replication of Smart Grids solutions. Nevertheless, limitations in their resource or 
legal capabilities can represent significant hurdles. Therefore, an adequate regulatory 
endowment, an effective regulatory independence and appropriate legal powers of 
NRAs are key enablers. Additionally, enhancing the exchange of lessons learnt and best 
practices among regulators is advisable. 
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• Agents involved in technology development and provision are central stakeholders, 
including manufacturers, software developers, system integrators or ICT service 
providers. Interoperable, modular and standardised products are desirable for scalability 
and replicability. However, these stakeholders may not be willing to follow that path for 
strategic reasons in case the expected market size is insufficient to ensure adequate 
returns for the innovation efforts. In order to overcome these barriers, their conventional 
relationship with DSOs could shift, seeking enhanced stability and information-sharing 
so as to reduce development costs. This model could co-exist with another, based 
on common standards and interoperability requirements for commodity-like products 
presenting low differentiation and high market size.

Conclusion

An important lesson learnt as a result from the SRA work developed is that, despite the fact 
that DSO size or ownership may vary greatly across Europe, the characteristics of distribution 
networks, operational approaches and regulatory schemes are relatively homogeneous 
across European countries. This ensures that the SRA results could be broadly applicable 
on a wider European context. Nevertheless, their direct application to contexts outside 
the EU where the characteristics of distribution may be significantly different could be 
more arguable. GRID4EU has taken a first step in order to evaluate the extent to which the 
technical SRA rules presented in this report would be applicable to other contexts (Brazil 
and the state of California in the USA) as well as the adaptations that may be necessary. 

!  This work is described in deliverable gD3.8.
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 7.2 Application of SRA studies to Belgium

In this work, the lessons learnt of the SRA analysis in 7.1 are applied and the potential of 
the GRID4EU innovations are determined for the country of Belgium. In order to do this, 
different steps are followed:
1. First, the relevant technical data of the Belgian grids and consumers were collected, 

which is essential to compare the simulation results to the Belgian case. Some of the 
information was found in publicly available documents, like e.g. the grid unavailability 
parameters SAIDI and SAIFI which are reported by the regulator. Information on grids and 
consumers was also procured via private communication with the Belgian DSO’s. 

2. In a second step, the regulatory situation related to the topic in Belgium is briefly 
discussed, which is important to interpret the results. 

3. A subset of the simulation results of the SRA studies is selected. Note that it is not the 
objective to repeat all of these results, as the vast amount of simulation results would 
obscure the discussion. The approach followed here was to identify the results of the 
simulations that can be considered to be closest to the Belgian situation concerning grid 
parameters, demand profiles, DG penetration degrees etc.

4. Finally, the conclusions of the simulations are examined and the potential of the use case 
or the grid innovation in Belgium is discussed.

The same structure as the SRA simulations is followed. The use cases are grouped in 
“Continuity of Supply”, (Anti-)islanding and increase in hosting capacity. 

Continuity of Supply

Belgium has already a highly reliable electricity grid, with a Flemish interruption time per 
customer per year of around 16 minutes at MV level: 

Figure 125: SAIDI has been decreasing in Belgium for the past years (VREG, 2015)

In this figure, the average SAIDI is compared to some results of the GRID4EU simulations. 
These simulations indicated that especially the effect of monitoring and control was high 
for networks with a low reliability, and with a saturation point at 20%. Therefore, improving 
the reliability of the grid will not be the main driver for the DSOs to implement monitoring 
and control in the grid. Nevertheless, DSOs are increasing the share of telecontrol in 
their grid, to increase the hosting capacity of the grid and to decrease the losses, with an 
increased reliability as a secondary benefit. 
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Figure 126: Simulation of the evolution of SAIDI in Belgium  
according to the level of automation

For LV networks, the potential is very limited due to the radial structure of the grid. In 
the Figure 126: Simulation of the evolution of SAIDI in Belgium according to the level of 
automation, you see the average SAIDI at LV network with the corresponding standard 
deviation compared to two simulations in Grid4eu networks. As the SRA conclude, 
increasing monitoring and automation should be prioritised on MV rather than LV level.

Increasing the hosting capacity of renewables

In this chapter, the extensive set of simulations performed in the SRA studies is compared 
to equivalent studies in Belgium. 
In general, load-flow simulations are critically dependent on the exact set of input parameters 
like local production, consumption profiles and feeder structure. As a consequence, specific 
results cannot be generalised in a quantitative way, so in this and the following chapter only 
qualitative conclusions are made. The SRA simulations cover the benefits of Smart Grids 
technologies such as reactive power control, on-load tap changing, and storage on the 
hosting capacity of renewables such as wind and solar. 
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Figure 127: Yearly installed capacity of distributed energy sources in Flanders  
(VREG, Hernieuwbare energie in Vlaanderen, report, 2014)

In this figure, the yearly installed capacity is shown. In Belgium, 3 GW of solar power is 
installed, on a peak demand of around 13GW, of which most is distributed. To a certain 
extent, Smart Grids solutions have been implemented already. On-load tap changing 
is installed at HV/MV cabins, on MV/LV level it is limited to a few demonstration or test 
cases. In the full deliverable, an overview is given of regulation towards frequency and 
voltage deviations in Belgium. A comparison is made amongst others with the Meta-PV 
project (www.meta-pv.eu), where storage, curtailment and several methods of reactive 
power control were tested in a field trial in Belgium. The conclusion of these studies is 
similar to that of the GRID4EU simulations; for low increase in hosting capacity required, a 
combination of Smart Grids actions such as OLTC, reactive power control and curtailment 
can be technically possible and economically viable compared to traditional grid upgrades. 
Battery storage devices have currently not yet reached the required cost competitiveness 
for a large-scale implementation in the Belgian grid. 
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Islanding

In Belgium, island operation for generation facilities within the installation of consumer is 
allowed, however on and off islanding operation with a connection to the grid is forbidden 
under the grid code C10/11 (Synergrid, 2012). 

Figure 128: Reverse power flows are common in Belgium (The Meta PV project)

Due to the high penetration of PV, reverse power flows exist in the Belgian grid. Nevertheless, 
important drivers for creating islanding zones in the grid (other than a single consumer 
disconnecting from the grid) are:
- Reducing losses and grid connection costs for remote areas;

- Increasing reliability in times of extreme weather phenomena (e.g. hurricanes or 
earthquakes).

Due to the high grid reliability and dense population of Belgium, the abovementioned 
drivers are not present, making islanding operation of districts of the grid not a main priority 
for the Belgian DSO’s. However, industrial consumers could always decide to generate their 
own electricity and disconnect from the main grid. 

Hardware-in-the-loop simulations as a service: a technical replication case

In this chapter, the possibility of the Energyville research institute offering hardware-in-
the-loop simulations as a service to DSO’s is investigated. The required infrastructure, 
used at ENEL, is usually too expensive for mid-sized DSO’s. This technical replication case 
elaborated below is an illustration of the many ‘hidden benefits’ of the Grid4eu project, 
bringing together an impressive amount of stakeholders over all of Europe.
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In the future, device testing and detailed simulations will become even more important 
in order to guarantee a safe operation of the system. However, it is unlikely that individual 
component testing will suffice: in order to de-risk equipment in complex dynamic grid 
conditions, the testing should be as close as possible to real-life usage of the device by in-
corporating the grid under realistic test conditions. By combining these devices under test
together with detailed, complex grid simulations, the device operation can be validated at
the required increased complexity, including highly dynamic power system behaviour.

A real-time grid simulator enables this type of testing, by simulating the electrical system in 
detail and in real-time. By combining the simulations with hardware experiments, referred 
to as hardware-in-the-loop (HIL) simulations, the device experiences similar test conditions 
as if it were connected to a real power system. Control HIL (C-HIL) is for example used to 
configure protection relays, to test substation automation or power system controls. The 
real-time control can then be used to test whether the communication link (with its inher-
ent delays) is also in reality fast enough or whether a new controller for a transformer tap 
changer operates as expected. 

Alternatively, power HIL (P-HIL) tests allow to interface ‘power’ devices such as PV-inverters 
or batteries with a realistic power system in real-time, allowing realistic tests of the device 
and its controls under normal and abnormal conditions. 
The HIL environment can also be used to set up the data communication for smart meter-
ing and test the performance of such devices. Hence, HIL simulations are a powerful tool to 
reduce development costs by anticipating problems and by supporting the design, testing 
and validation phase.

Figure 129: Picture of the ENEL Real-Time Digital Simulator
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The Flemish research institute Energyville has discussed the ongoing implementations 
and technical use cases of the Grid4eu project with the Belgian DSO’s Infrax and Eandis. 
The abovementioned benefits and relevance of HIL testing was one of the key interests 
of our DSO’s. With a large set of electrical and thermal laboratories under construction, 
the Energyville campus could be an ideal living lab environment to support Smart Grids 
developments of DSO’s. In this view, HIL testing could be offered as a service to enable 
product development closer to the markets.

A first application of the proposed laboratory structure, specifically targeted to the DSO, is 
offering a flexible simulation platform enabling equipment testing, protection relay testing 
and configurations. It will allow the DSO to bridge the gap between the new technologies 
available on the market and the operator experience, allowing the system operator to 
develop the most appropriate specifications taking into account interoperability with the 
existing infrastructure. In addition, the DSO can purchase the devices which fulfill these 
requirements at the lowest cost and do fault diagnostics in real-time after failure. A second 
possible application aims at educating the operator and field engineers through training 
in the use of the new devices via coupling with the real-time platform and a SCADA 
(Supervisory Control and Data Acquisition) and DMS (Distribution Management System). 
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 7.3 Examples of the next steps of solutions implemented in GRID4EU

Overall, according to the knowledge use & exploitation plan of GRID4EU, 61 concrete 
perspectives of deployment have been anchored in the plans of GRID4EU partners. More 
than half (33) have the potential to create additional jobs. Two partners even took dedicated 
steps to protect the knowledge gained in GRID4EU through patent applications.

Type of IP 
Rights  

Foreseen embargo 
date (dd/mm/yyyy)

Application 
reference(s)

Subject or title of 
application

Applicant(s) (as on 
the application)

Patents 05/27/2015 EP2876818 System and method 
for detecting the meters of 
each low-voltage line 
of transformation centres

ZIV Aplicaciones 
y Tecnología S.L.

Patents 09/17/2015 WO2015/
135934 A1

Power adjustable electric 
water heater

EDF Lab

Below, examples of exploitation of results from the six DSOs of GRID4EU are given.

The German Demonstrator

The results of the Cost-Benefit Analysis prevent RWE from mass roll-out of the Autonomous 
Switching System at the moment. Nevertheless, the implementation will be carried out 
in several steps. At first, the installation of remote-controlled load switches in secondary 
substations will be extended in the upcoming years. After this enhancement of the MV grid 
and further test operation of the Autonomous Switching System, the automation in the MV 
grid will be tackled.

The lab and field tests have shown the complexity of the ASS, especially concerning the 
development of the algorithms and the implementation of the corresponding software 
modules. For a mass roll-out, a stable and robust platform has to be established and tested 
in different surroundings.

The Swedish Demonstrator

Replication and upscaling (exploitation) of the solution for Vattenfall is dependent on a) 
choice of strategy for LV monitoring, b) funding for the investment, c) LV SCADA/DMS 
system implementation in production system environment and d) process re-engineering 
and organisational change of work in the control centre.
Exploitation in line with the Swedish Demonstrator technical solution will require full 
deployment of IEDs in secondary substations combined with new system interfaces 
between the Enterprise system EnergyIP MDMS and the IEDs, e.g. by integrating the MDMS 
with a LV SCADA and DMS system. This type of system functionality may also be supported 
by other system applications used in network operations. The choice of solution depends 
on the cost for development, implementation, license fees and access to the application by 
the different user groups within the DSO.
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The Spanish Demonstrator

Some of the systems developed in GRID4EU project have been finally rolled out because of 
the success obtained during the field tests. Additionally part of the knowledge gained has also 
been exploited in different ways. An example of this are:
• Automatic grid recovery that has been already deployed in the grid of Iberdrola at Spain.
• The Customer engagement program has served to learn the interests of the consumers and 
propose them a new offer “Planes a tu medida” which consist on offering reduced prices in 
the moments of their preference and the higher prices in other moments of the day. 
• CEN program has also served to learn that Customers prefer to receive the information 
through their mobile phone via app. Consequently IBERDROLA has chosen this platform to 
report them about their consumption.
Other field tests have also produced interesting results leveraging a future deployment 
campaign. The foreseen roll out are: 
• Adv. LV Monitoring (ZIV).
• TGB (Communication + Data Concentrator Compact Integration) for rural areas, including 
the High Impedance fault detection functionality.
• Compact Automation (ORMAZABAL). Currently homologated.

Figure 130: Presentation by the Spanish Demonstrator leader 
GRID4EU Final Event (January 19, 2016)

Further Developments
Some of the tests has proven to be promising solution to real operation problems, nevertheless 
they still requires some further developments.
• Automatic Outage Detection system. Needs a performance improvement in the association 
of events and incidences.
• High Availability for MV-BPL Communications. Further improvements on automation and 
standardization are required.
• The compact solution for rural areas to collect smart meter information called TGB 
(Communication + Data Concentrator Compact Integration), has led IBERDROLA to think on 
the development of a new version for very low populated areas improving its compactness 
and reducing costs.
• Automatic Grid Recovery is now a reality and it fosters to think on the implementation of 
new automatic operations.
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The Italian Demonstrator

Voltage control and anti-islanding systems
The voltage regulation algorithm (VR) is scalable because of its modularity (1 VR for 1 Primary 
Substation). How the interaction between control systems in several PSs and the operation 
control centre (managing all PSs) affects the scalability has to be further investigated.
Furthermore, an important element for scaling up the solutions from a technical point 
of view, is related to the different “sub-systems” (i.e. SCADA, algorithms, etc) integration 
improvement. 
The entire NCAS platform (State Estimation and Voltage Regulation) has demonstrated 
to be a good starting point for implementing the demonstrator’s functionalities, but it 
requires further developments in order to be applied to other DSO networks with different 
distributed generation penetration, different grid topology (MV feeder composition, number 
of Primary/Secondary Substations) and different critical issues to solve. 
About IRE, the Energy Regulation Interface was developed according to specific 
requirements and adopting a 61850 profile set by ENEL to be compliant with all the other 
devices already installed on field. All this guaranteed a quite easy integration of IRE device 
in the system and is a solid base for replicability and scalability of the system.

Storage
The ENEL vision of Smart Grids includes the Electric Energy Storage Systems as a 
fundamental component of the future distribution networks. The EESS installed in the 
Italian Demonstrator perimeter has to be considered as the fifth remotely controlled 
storage system connected to the MV network. It is itself a replication. Other experiences 
on LV network have been under investigation in the RES NOVAE project with the aim of 
performing peak levelling and voltage regulation. In this case, the EESS is driven by ENEL 
central SCADA that has been equipped with an algorithm totally developed by ENEL 
Distribuzione. In addition to the EESS considered in the GRID4EU project, other four Electric 
Energy Storage Systems (1 ÷ 2 MVA – 1 ÷ 2 MWh) were recently installed and connected to 
the MV Italian distribution network by ENEL Distribuzione in cooperation with technology 
supplier; these four installations follow the first Enel Distribuzione Electric Energy Storage 
Systems connected to the MV Italian distribution network (1 MVA – 0.5 MWh) on 2012.

The Czech Demonstrator

• Results of preliminary CBA were influenced by limited number of use cases tested within the 
Czech Demonstrator (low range of benefits) and relatively short time for evaluation of KPI’s 
and by that CBA will be recalculated once again when the KPIs reach its statistical confidence.

• The CBA was performed with inclusion of Demo5 assets into RAB. Because of relatively 
low level of benefits generated by improvements of system reliability, power quality  
(Q component, sanctions for EN 50160) and operational improvements (reduction of 
time needed for fault detection), the regulated benefits were prevailing and significantly 
improved overall project profitability. It needs to be noted that inclusion of smart grid 
technologies into RAB is not obligatory and NRO will very carefully investigate possible 
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benefits for customers and compare it with other possible measures. It has to be also noted 
that ČEZ Distribuce has not negotiated the possibility of inclusion of any functionalities of 
Demo5 to RAB yet and by that results of preliminary CBA are only indicative. 

• In case that Demo5 assets is included in RAB (which is however not a reality at this 
moment), the results of preliminary CBA showed highest potential in automated failure 
management of MV network followed by Island operation and finally in automated failure 
management of LV network. In particular, the Czech Demonstrator proved that Automated 
failure management on LV is technically possible and could reduce SAIFI and SAIDI however 
this solution is not cost effective in many cases.

• Volt-var control of DER in MV and LV grids is a cost effective way for a smoother DER 
integration. 

The French Demonstrator

OLTC
In order to broaden and diversify the experience while keeping the principle of solar-based 
voltage regulation, ERDF is planning to install a modified version of the French Demonstrator 
Smart Transformer in ‘Le Sauze du Lac’ in the ‘Hautes-Alpes’ department. Similarly to control 
systems used to handle public lighting, this voltage regulating transformer will be coupled 
with an astronomical clock which will be used as an estimation of the solar radiation based 
on time of the day and the day of the year.

Figure 131: Illustration of the voltage regulation coupled  
with the astronomical clock34

34. Source ERDF
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NEM
Following the successful implementation of the NEM in the French Demonstrator, it is also 
tested in the USA. One of the world’s leading managers of electricity networks agreed, in 
summer 2015, to open a research centre in partnership with Pennsylvania State University 

(“Penn State”) at the Navy Yard, reinforcing its emergence as a smart-energy campus.
GE Grid Solutions, a unit of GE which is also partner of the French Demonstrator, will 
open the Microgrid Centre of Excellence at the Navy Yard in South Philadelphia. The centre 
will be involved in the deployment of new technologies related to “microgrids”, which are 
localised electrical systems that can operate autonomously from the regional power grid. 

Islanding
Projects on insular grids demonstrate the interest of islanding solutions like the one 
developed in the French Demonstrator. The storage and synchronisation/connection 
solution are of benefit for guaranteeing a stable power supply for the end customer. In 
addition, this solution could be adapted in countries with substantial photovoltaic resources 
and frequent, long-lasting power outages.
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 8  Environmental Impacts 

One of the main purposes of the GRID4EU project is to facilitate the integration of Renewable 
Energy Sources, and therefore to contribute to environmental protection. Dedicated tasks 
from demonstrators aimed for example at assessing the environmental impacts of project 
installations or at encouraging initiatives to preserve the environment.
In order to ensure that implemented equipments have a limited impact onto the 
environment, whether it is locally or globally, environmental assessments have been 
conducted by two demonstrators. 

 8.1 Assessment of the disposal of industrial wastes 
  in the Italian Demonstrator

ENEL performed in the scope of the Italian Demonstrator an assessment related to the 
disposal of industrial wastes. The study led to the conclusion that there was no particular 
impact: all components used (except batteries) are covered by standard disposal 
procedures established at the company level. Regarding the batteries, the disposal and 
recycling services are carried out by the battery manufacturer itself. To ensure that all 
polluting elements contained in the exhausted Li-Ion batteries are managed properly at the 
end of the device lifecycle, ENEL finances via an extra-fee the battery manufacturer that 
will manage the disposal service. This operation is performed in the frame of the Italian 
regulation. Besides it, ENEL also assessed the potential noise pollution in the surrounding 
of the batteries due to their use. They performed noise measurements before and after the 
batteries installation and analysed the results. These tests have been performed in the frame 
of the Italian regulation. 

 8.2 Assessment of the impact of the French Demonstrator 
  on climate change

In another domain, the French Demonstrator decided to evaluate the impact of their activity 
on the air quality. Together with i-Care, a consulting company on environmental strategy, 
GE Grid Solutions and ERDF developed a tool to estimate the reduction in CO

2
 emissions 

linked to Demand Side Management actions. The evaluation of the environmental impacts 
of the solutions deployed in the French Demonstrator is concentrated on three types of 
indicators defined at the level of the Demonstrator: 
- KPI#14’: the impact on climatic change through the variation in greenhouse gas 

emissions; 

- KPI#15’: the impact on health of atmospheric emissions such as carbon dioxide (CO
2
), 

methane (CH
4
), sulphur dioxide (SO

2
), nitrogen oxide (NO

x
) and fine particles, evaluated 

in terms of DALYs (Disability Adjusted Life Years). 
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Concerning greenhouse gas emissions, there are great differences between winter and 
summer. In winter, the power not produced by gas or fuel-oil gas turbines is partially 
compensated, particularly by the additional operation of fossil-fuel power plants (especially 
gas combined cycle with relatively low emissions of CO

2
). Thus, emissions of greenhouse 

gases are reduced by 8.0 t CO
2
-equivalents. In summer, when the light oil-fired gas turbines 

are not affected, the production of electricity avoided from natural gas-fired gas turbines 
and coal-fired power plants is overcompensated by the production from gas combined 
cycle and also by decentralised thermal facilities (based on biomass), leading to additional 
emissions of 4.1 t CO2-equivalents35.

Figure 132: Changes in greenhouse gas emissions in terms of t CO2-equivalent  
for the use cases “winter variation” (top) and “summer variation” (bottom).

35. Including 4.5 t of biogenic origin according to the assumption that decentralised thermal power generation is 
composed only of co-generation based on biomass.
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 8.3 Assessment of the impact 
  of the French Demonstrator on health 

Figure 133 shows the results concerning health impact changes in terms of DALYs for 
“Peak demand reduction” and “integrate massive PV production” Use cases, distinguishing 
between morbidity and mortality caused by particles and ozone. Given that tropospheric 
ozone forms mainly in summer, the impacts due to ozone are only quantified for the 
“summer variation” use case.
In contrast to the evaluation of greenhouse gas emissions, for which only the winter Use 
Case provides environmental benefits, reduced health impacts due to improved air quality 
are assessed to occur for both use cases, amounting to 0.00040 DALYs (or 3.5 hours of 
life lost at the level of the European population) and 0.00074 DALYs (or 6.5 hours) in winter 
and summer, respectively (Figure 133). These reductions are almost exclusively related to 
mortality caused by particles. In summer, ozone-related mortality insubstantially changes 
the overall number of DALYs. 

Figure 133: Changes in health impacts in terms of DALY for the use cases  
“winter variation” (top) and “summer variation” (bottom)

The benefits and impacts of implementing the French Demonstrator solutions on a larger 
scale would naturally be greater. An extrapolation of existing results, which would be 
informative but not planned, would nevertheless be subject to significant uncertainties. 
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 9  Social Impacts

The active participation of customers is at the core of the GRID4EU project. Three 
demonstrators had in their scope at least one Use Case that directly engaged customers.

More generally, social acceptance proved to be an enabler or a barrier for the massive 
development of Smart Grids. The perception of the citizens at the local scale has also been 
taken into account by 4 demonstrators.

The perception of the project has been measured at three different levels:  

• At the public level, mainly represented by the local population;

• At the customers’ level;

• At the employees’ level.

Based on data collected throughout the project life, it has been intended to understand 
the perception these actors might have of activities involved in the GRID4EU project and to 
establish a list of potential impacts it could have on different levels of the society.

 9.1 The public

The project acceptance from the locals was measured on a voluntary basis. As a result, 
a demonstrator that did not direct work with customers did not necessarily set up an 
additional action to assess the local acceptance. Among the partners who did, two different 
methods were applied:

• An indirect approach that consists in relying on the information shared by the municipality 
to evaluate the general perception of the project;

• A direct approach with a survey conducted by the demonstrators, before or during the 
experimentation.

The global perception from the general public concerning Smart Grids Demonstrators is 
supportive. If generally speaking, GRID4EU did not encounter reluctance, there were two 
exceptions that were addressed on the course of the project:

• The “UFC-Que choisir” customer association in France did not show a direct opposition 
to the project but to the use of smart meters36. ERDF used pedagogic solutions to better 
inform local customers about numerous advantages of smart meters and reassure them 
on the good management of associated challenges;

• Firemen had concerns about the use of batteries that could increase the risk of fire in a 
dry region regularly affected by massive wildfires.

36. Enquête UFC – Que choisir – Septembre 2013 : Les consommateurs abonnés aux mauvais coûts : http://image.
quechoisir.org/var/ezflow_site/storage/original/application/466fcbaee8a695bd7ece065dafff7f00.pdf
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 9.2 Engaged customers

Customer participation has been evaluated within two demonstrators. In particular, the 
following elements have been assessed:
• The acceptance of implemented systems (load management, batteries controls...); 

• Customer behaviour on control signals and production/consumption information 
(detailed in the chapter “active demand”).

Within the scope of the Spanish Demonstrator, in-home display equipments were installed at 
customers’ premises. They aim at providing information on both their energy consumption 
and tariff schemes. 
During the Phase of installation, 29 customers have decided not to participate in the CEN 
programme. Some of them had communicated their decision by phone to the special 
phone number designated for the CEN programme, and the rest had informed to leave the 
programme during the installation phase. The main reasons collected so far justifying this 
decision are:
• They have changed their mind, and decided that they were not interested anymore;

• They do not reside the whole year in the residence contacted;

• They did not agree with the phase of the programme where peak prices will be used and 
they think that the tariff was high;

• They did not understand that the installation of the CEN kit requires intervention in the 
customer’s home;

• They did not agree with the contract of acceptance.

Another side benefit of such devices was the entertainment. Indeed, Spanish Demonstrator 
customers enjoyed using and customising the in-home display to visualise in real time 
their energy consumption. 44% of them expressed their willingness to have an information 
system of their consumption. Most customers also express a preference for mobiles 
applications over electronic devices.

In the French Demonstrator, The experimenters’ decision to join the trials relies on two 
main motivations: 
• Economic benefit guided by a desire to manage their consumption expenses and by the 

financial incentives of the “Solar Hours” offer;

• Desire to act in favour of the environment. 
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Financial opportunities therefore coexist with the wish to participate in collective efforts, to 
act as good citizens and contribute to improving the security of supply. The unpredictable 
nature of alerts was not perceived as a major constraint or an obstacle to postpone power 
consumption. The presence of someone at home and the ownership of programmable 
appliances were also factors facilitating participation.

The French Demonstrator was perceived by the prosumers as an experience that was 
“interesting”, “with few constraints” (or at least a well accepted constraint), and “positive”, 
even though the related financial returns remained low. They were sensitive to the collective 
and local nature of the project and considered that this initiative contributes to a shift in 
energy generation and consumption modes.

Apart from the demand management, the businesses derived a number of positive benefits 
from their participation, in particular their membership in a network of companies with 
shared values, improved understanding of their energy consumption and the operation 
of their processes, and closer links with EDF. Participation in the demonstrator project 
was directly leveraged in terms of external marketing communication, in particular with 
environmentally aware customers thanks to the use of the logo “Engaged in Nice Grid”.

Beyond both demonstrators tackling Active Demand, Smart Grids experimentations have 
been particularly appreciated by industrial customers (e.g. securitised cooling chains, 
critical installations/processes, etc). Indeed, automatic operations such as grid recovery, 
reduce the risk and length of outages, making the grid more reliable. 

!  More information can be found in the “Active Demand” chapter of the “Technical 
 results” section.
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 9.3 Employees of project partners

In addition to the global perception on Smart Grids, the acceptance of workers is another 
important parameter. Indeed, they will be the ones developing new systems or working 
with this technology in a close future and daily basis. To take into account their opinions, 
the 27 partners were asked to fulfill a questionnaire on their employees’ perception on the 
project by:

• Giving a global mark that reflect the overall impression: from 0 (terrible) to 3 (excellent);

• Providing a list of feeling that better transcript the feedback of the project workers.

The Table 40: Global perception on GRID4EU of employees of project partners gathers 
the results:

At project
Introduction

During field 
implementation

At the
project end

Overall 
impression

Excellent (82%) Good (76%) Excellent (83%)

Main 
Feedback

Table 40: Global perception on GRID4EU of employees of project partners

At the beginning of the project, they were mainly curious about this emerging technology. 
During the field implementation, a slight decrease of their satisfaction and enthusiasm can 
be observed, associated to an increase of doubt and prudence feelings. This could be 
explained by usual unexpected issues encountered when going from lab to field tests. At 
the end of the project negative feelings disappeared and workers are proud to contribute 
to such project, synonym of successful results.

The Smart Grids usually make even safer the grid operations and operators are the first to 
beneficiate from it. Indeed, more remote or automatic grid operations will keep them away 
from the physical grid and therefore prevent from potential electric shocks or any field 
accident. 

However, there are exceptional cases where non-conventional technology could create 
new risks for the operators as it may be the case with the network batteries. These risks 
shall be identified, discussed among all stakeholders to implement a mitigation plan 
that could include for instance employees training, redaction of safety instructions and 
implementation of redundant safety protocols.

All along the different project phases, employees and workers had a high perception of the 
project and their level of implication remained quite stable.

Doubts Doubts, 0%

Prudence, 0%
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 10  Regulatory Topics

 10.1 Regulatory challenges

The GRID4EU demonstrators met regulatory challenges around four topics.

Storage

The Italian regulatory framework (established by “Autorità per l’Energia Elettrica e il Gas”) 
regarding the EESS connection rules is defined for customers that want to install a storage 
facility standalone or together with other distributed generation plants.
The resolution 574/2014/R/eel, supplemented by resolution 642/2014/R/eel, defines 
how to access the electricity network and how to measure the energy flow in case of 
storage systems that are not managed by TSO or DSO. Other resolutions have established 
procedures and rules for innovation projects regarding EESS managed by TSO with the aim 
to study new incentives frameworks.
Nowadays, no regulation is in place for EESS managed by TSO/DSO and also for storages 
that operate in islanding mode.
The experience gained in the Italian Demonstrator in this field could be a valuable support 
for the new rules and procedures definition, providing evidences coming from the field 
operations.

Grid automation

The massive distributed generation connection that, during recent years, was carried 
out according only to the “fit & forget” principle brought to some critical issues about 
observability and control of the electrical grid. 
Some first steps were already done by the Italian regulatory authority about new connection 
rules and protection systems of those plants; from a perspective point of view, a very strict 
cooperation among TSO and DSO is needed (data exchange and common goals).

DER integration

The development of smart solutions requires some upgrades about regulation framework 
in order to define:
• The relationship between generator and DSO to exploit DER participation to network 

management (grid code);

• The relationship between TSO and DSO (possible constraints at MV-HV interface and 
future DER participation to ancillary service market);

• The capability for DER participation;

• The use of the storage by DSO beyond pilot/demonstration projects.

Concerning the first point, DSO should be entitled to use Volt-var control of DER in MV and 
LV grids, in particular to control the PV generation at injection point, as the requirement 
for connection of new generators and without any remuneration to DER operators. New 
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requirements for generators based on EN 50 438 ed.2 standard should be integrated into 
national grid codes.

Communications

Generally, Smart Grids systems rely very much on telecommunication system, therefore 
it is important and necessary to foster “convergence” between electric distribution and 
communication infrastructures.
In such a way, regulation should facilitate this “convergence”.
In particular, the PLC bands reported in Figure 134 for medium voltage power line have 
been standardised as follows:
• Cenelec A, B, C and D (CEI EN 50065-1) in Europe;
• FCC (10kHz-490kHz) in USA;
• ARIBA (10kHz-450kHz) in Japan.

Figure 134: PLC bands definition

The effort that has to be undertaken is to harmonise the European legislation and the USA 
in order to adopt the FFC band for PLC communication over medium voltage power line. 

 10.2 Policy recommendations

According to these barriers and with regard to the experience gained from practical 
implementation, the partners also formulated concrete policy recommendations. Examples 
are listed below:
• GE Grid Solutions sent recommendations to the French regulator (CRE) on regular 

basis. The French regulator published a document gathering - among others - the 41 
recommendations GE Grid Solutions made;

• Ormazabal included “data recording” aspects into the regulation of certain products;

• ERDF has answered to CRE recommendations and publish with CRE and towards the 
public at yearly basis the lessons learnt and recommendations coming from the Smart 
Grids demonstrators where ERDF is participating including the French Demonstrator and 
GRID4EU.



Version 1.0

4 – Technical Results 221

www.grid4eu.eu

 11  Internal Coordination & Facts
   on EU Project Management

This chapter describes which challenges related to the project management and 
coordination of a large European consortium have been met by the GRID4EU project and 
how they have been addressed by pinpointing best practices put in place by the project.

 11.1 Coordination of a large consortium within an EU context

 11.1.1 Project management tools

Three main challenges directly related to the coordination of a European consortium of 27 
partners have been overcome in the GRID4EU project:

• Get all partners on board and keep their involvement all along the duration of the project;
• Enable and emphasise synergies between the different Work Packages;
• Keep all consortium members up to date with project progress and main information.

In terms of tool, to manage such a large consortium, a GRID4EU team hub, accessible by all 
consortium partners, has been implemented.  A cloud-enabled solution has been chosen 
to facilitate an effective coordination. Managing a wide range of shared processes, the hub 
proved to be a valuable asset to support the formal validation processes of deliverables. 

As highlighted in the Figure 135, the hub has been used by more than 500 active users 
during the same month. Overall, the GRID4EU team hub has facilitated the safe, secure and 
efficient sharing of more than 3,000 documents.

Figure 135: Monthly usage of the GRID4EU team hub

While the team hub is an easy-to-use tool, a handbook has been written in order to ease 
the navigation in the tool.  As the team hub has been widely used by the members of the 
27 organisations in the consortium (see figure 119), other functions have been embedded 
in the tool.
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Figure 136: Results of a survey on the frequency of use  
of the GRID4EU team hub by partners

As the team hub has been widely used by the members of the 27 organisations in the 
consortium (see figure 136), other functions have been embedded in the tool. Beyond the 
document management, this tool has proved to be efficient for other purposes enabling to 
facilitate the project management like:

• Visually monitoring and communicating the work progress of each Work Package as well 
as related risks;

• Facilitating the review of deliverables, in particular with respect to peer reviews across 
partners;

• Managing registration processes to events as well as satisfaction surveys sent to GRID4EU 
partners or Advisors;

• Hosting online voting sessions37 by the General Assembly (1 representative of each main 
beneficiary of the Grant Agreement);

• Facilitating knowledge-sharing through dedicated wikis.

The monitoring of the work progress  has been performed at project level, through a work 
progress dashboard displayed on the home page of the team hub. The project dashboard 
computes by Work Package:

• the completion (in percentage) of the deliverables and tasks contained in the project’s 
Description of Work;

• the overall status of the Work Package (On time, behind schedule, or late).

Each WP and tasks leaders are in charge of reporting the two above information, using 
the common rules to qualify the progress of their deliverables and tasks. The use of these 
common rules is key to provide a significant monitoring dashboard at project level.

In parallel, in order to go deeper into the monitoring of the work progress, the project has 
implemented an “Actions log”, which is an online follow-up tool at actions level. The project 
dashboard enabled to involve and keep informed all partners by factually communicating 
them the real status of their work compared to the one that is expected to meet deadlines.

37. For example, each request for budget shift and amendment made by a partner is subject to a validation by the 
consortium. A dedicated approval process has been designed and put in place using an online application of the team 
hub.
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Moreover, for each work package, a risk matrix based on a risk list (including, for each 
risk, the impact, the probability and the contingency plan) enabled to visually monitor and 
communicate the risks related to the work progress of the project as a whole. 

Figure 137: Example of a GRID4EU project dashboard (September 2013)

Figure 138: Example of a risk matrix evolution (June 2013)

 11.1.2 Project management meetings

In complement to project management tools, 5 General Assembly meetings, 30 Technical 
Committee meetings and 14 Steering Committee meetings took place within the 4 years 
of the project. Most of them were physical meetings because it has been experienced that 
they are more efficient and effective with respect to the virtual meetings.

Several times, the opportunity to hold on-site meetings has been leveraged to perform 
complementary activities. As side-events of a General Assembly or Technical Committee 
meeting, the Spanish, Italian, Czech and French Demonstrators have been visited. In 
addition, General Work Packages’ workshops have been held and integrated in the agenda 
of Technical Committee meetings when needed.



Version 1.0

224

www.grid4eu.eu

11 – Internal Coordination & Facts on EU Project Management

 11.2 Yearly deliverables

Within GRID4EU, all deliverables have been submitted in due time. To ensure the quality 
and consistency of the 72 submitted deliverables, two specific review processes have been 
implemented: 
• A peer-review process between Demonstrators consisting in allocating the review of one 

Demonstrator to another one (e.g. The Swedish Demonstrator reviewed the Spanish one 
and vice versa);

• The review of the GWP deliverables by all Technical Committee members (as they 
address crosscutting topics);

• The organisation of the review and approval process at several levels: at the level of Work 
Packages, of Technical Committee and of Steering Committee.

 11.3 Yearly interim report

Several challenges have been related to the financial interim reporting. In order to make 
all partners aware of the reporting requirements of the European Commission and 
support them in this task, 3 dedicated processes have been set up:

• Internal mid-year financial report;

• Peer review process;

• Internal performance assessment on financial report.

The project has put in place extra reporting sessions, which consists in internal financial 
reporting every quarter during the first year and every 6 months during the following years. 
This internal report aims at:

• Getting the partners trained on the process;

• Helping the partners to make their own assessment on the costs incurred at mid-way 
point;

• Helping to highlight any potential deviations, and foreseeing if a CFS would be needed or 
not for the yearly official report.

During the yearly financial report preparation, the project coordination team has also put in 
place a peer review of the report. The idea was to first receive from the partners a finalised 
draft of their Costs report, get it reviewed by the Coordination team, mostly in terms on 
consistency with the EC’s rules, before getting the formal Form C completed and signed. 

The whole process is to ensure that the final version of the Form C (i.e. the duly signed 
paper version) that would be collected by the project coordination team, before a global 
submission to the EC, is well-filled in and in line with the EC’s guidelines.
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The project has also put in place during the first 2 years a performance assessment by 
partner on the quality of the financial report submitted to the project Coordination team. 
This performance assessment aimed at:

• Highlighting the good practice done by the partner;

• Highlighting whether the EC rules were correctly applied;

• Correcting any inadvertent errors and inconsistencies;

• Making a recap of the most common errors among the consortium so to avoid future 
repetition.

 11.4 Modification of the legal frame

The amendment process38  turned out to be a heavy one for the concerned project 
partner, the coordinator and the European Commission. From the GRID4EU experience, it 
is not possible to make more than one per year. In case several modifications have to be 
made in the agreements, it is recommended to gather them on a yearly basis and submit 
them in the same request to the European Commission.

38. The legal agreement tying together the Consortium members is the Consortium Agreement. On the other side, the 
agreement between the Consortium and the European Commission is the Grant Agreement, which is actually signed by 
the Coordinator, on behalf of the Consortium. 
A Consortium member can necessitate amending these agreements. In this case, a member formulates an official 
request to the Coordinator, with all elements needed for justification. Once a year, after collecting all the requests, the 
Coordinator will present all the requests to the Consortium which will be able to validate or reject them through a vote. 
This validation can be done by electronic means. Once the Consortium has agreed, the modification can come into 
application immediately if it is only related to the Consortium Agreement. If it has an impact on the Grant Agreement, 
then the Coordinator must consequently submit the amendment requests to the European Commission. After the 
Commission approval, the amendments can be implemented in due manner.
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 12.1 Brief Description

In terms of dissemination, the main ambition of the GRID4EU project to, first, support the 
understanding and, then, build the buy-in and involvement of relevant targeted audiences 
(The figure 139 shows the main steps of the commitment curve of GRID4EU audiences). 
The dissemination metrics and their trends, which will be presented in this chapter, will 
highlight how this ambition has been fulfilled. To ensure that this occurs, it has been 
imperative that the preparation and development of the communication activities are as 
accurate as possible and implemented as specified in the dissemination master plan.

Figure 139: The commitment curve of targeted audiences

The dissemination of GRID4EU has focused on 4 main activities:

1. Identifying relevant stakeholders of targeted audiences and organising workshops for 
three dedicated audiences (non-participating DSOs, regulators and other stakeholders39)  
and Advisory Boards;

2. Working in close relationships with other organizations and projects and, in particular, 
coordinating the GRID4EU contributions to the activities of these organizations (ISGAN, 
EEGI, EcoGrid EU, IGreenGrid, etc.);

3. Setting-up and feeding dissemination tools (website, newsletters, social media) in order 
to disseminate at the large scale possible;

4. Drawing and monitoring the dissemination roadmap in order to coordinate, optimize and 
fine-tune the dissemination activities of the project.

39. Other stakeholders encompass professional associations and the research performers.
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 12.2 Outcomes

 12.2.1 Dissemination roadmap

At the beginning of the project, GRID4EU targeted the following audiences:

• The core target is constituted by the European Commission and the direct beneficiaries 
of the project (the 27 partners involved, including the 6 DSOs, the energy suppliers/
retailers, equipment manufacturers, distributed generation operators and Universities & 
Research centers);

• Targets constituting “The primary audience” are Smart Grids professionals (e.g. National 
Regulatory Authorities, others DSOs, TSOs, manufacturers, ISGAN, EEGI and scientific 
communities);

• Targets constituting “The secondary audience” include all end users of electricity 
distributed with Smart Grids. 

Overall, GRID4EU:

• Participated in 156 events (i.e. an average of 3 events per month);

• Wrote 113 publications (i.e. an average of one publication every two weeks), among 
which 32 have been peer-reviewed (publications submitted for events like CIRED, CIGRE, 
CEPSI, DistribuTech, PSCC, IEEE PowerTech, etc).

 12.2.2 Dissemination tools

GRID4EU used the following media to make the largest number of representatives of 
targeted audiences aware of its results:

• The GRID4EU website;

• The GRID4EU newsletter;

• The GRID4EU social media.

The GRID4EU website

The GRID4EU website has been set up in February 2013. Beyond the pages describing the 
project and communicating results, 104 news have been written to illustrate and inform on 
the progress of GRID4EU.

In addition, GRID4EU Demonstrators (e.g. like the Czech Demonstrator40 or the French 
Demonstrator41) have also set up dedicated websites and most partners displayed a 
dedicated page on GRID4EU on their website. 

40. http://virtualniprohlidky.cez.cz/cez-vrchlabi-aj/
41. http://www.nicegrid.fr/
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On January 31, 2016, around 23,000 unique users visited the GRID4EU website. 

Additionally, the website of the French Demonstrator has been viewed by 30,000 unique 
visitors.

The number of visits in the GRID4EU website amounts 37,408 and the number of page 
views is 137,122 (i.e. every day, around 125 pages viewed by 35 users). The GRID4EU project 
achieved to ensure a slightly increasing trend all over the project.

More than 6 sessions out of 10 is done by a user that never visited the website before (every 
week, almost 100 users connected to the GRID4EU website for the first time). The loyalty 
rate of primary audiences is also quite high as 678 users visited the website more than  
10 times. 

Figure 140: Statistics on the GRID4EU website  
(on January 31, 2016)

Figure 141: Number of sessions in the GRID4EU website per month 
(from February 1, 2013 to January 31, 2016)

Figure 142: Demographics figures on the users of the GRID4EU website  
(on January 31, 2016)
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The GRID4EU newsletter

More than 1,500 people subscribed to the GRID4EU newsletter and only 3 opted out.

It was forecast to send a biannual newsletter in 2013, 2014 and 2015. Because of the 
success of this media, this target has been exceeded. Overall, 8 newsletters have been sent 
between February 2013 and December 2015. Moreover, 4 internal GRID4EU newsletters 
have been sent within the GRID4EU consortium and 2 other newsletters have been sent 
after the end of the project. 

Open rate of these newsletters is of around 30% while the average of the non-profit sector 
is of 21%. The latest GRID4EU newsletter has been opened more than 1,000 times.

The GRID4EU Social Media

GRID4EU has been active on social media. Around 500 followers are related to the 
GRID4EU Twitter account (the French Demonstrator has also more than 700 followers) 
and the GRID4EU LinkedIn group counts 169 members.

 12.2.3 Events organisations

Overall, GRID4EU organised 23 events, including 11 workshops with external organisations:

• 1 Final Event (serving also as Advisory Board & General Assembly) attended by around 
200 people from 60 organisations and 12 countries;

• 1 Kick-off meeting;

• 5 General Assembly meetings;

• 4 Advisory Boards meetings;

• 1 technical workshop dedicated to consortium members; 

• 2 workshops dedicated to regulators in collaboration with CEER gathering both regulators 
from 10 different organisations (see gD5.5);

• 3 workshops for non-participating DSOs, including 2 in collaboration with EDSO gathering 
both around 20 DSOs (see gD5.3);

• 3 workshops for manufacturers and research centres including 1 GRID4EU manufacturers’ 
workshop involving more than 30 stakeholders and 1 workshop for research centres in 
collaboration with Electra IRP gathering around 20 organisations (see gD5.4)

• 2 EU-India workshops in collaboration with the European Commission and the India 
Smart Grid Forum gathering, overall, more than 30 different organisations from Europe 
and India (see gD5.6);

• 1 ISGAN workshop in the International Energy Agency headquarter in Paris (see gD5.6).
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 12.2.4 Key GRID4EU contributions to other organisations and projects

GRID4EU regularly participated in workshops and events organised by other organisations 
like EEGI, EcoGrid EU or iGreenGrid. 

In particular, GRID4EU contributed to 3 ISGAN case books (Advanced Metering Infrastructure, 
Demand Side Management and Customer Engagement). On top of that, GRID4EU is the 
main author and editor if the DSM case book. This publication is the most downloaded 
document in the ISGAN website.

Figure 143: ISGAN case books on Advanced Metering Infrastructure  
and Demand Side Management

GRID4EU also participated in 2 ISGAN Awards of Excellence:

• In 2014, GRID4EU has been finalist of the ISGAN Award of Excellence on Customer 
Engagement;

• In 2015, GRID4EU won the ISGAN Award of Excellence on Renewable Energy integration.

Figure 144: GRID4EU, ISGAN Award of Excellence 2015
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GRID4EU also participated to three ISGAN webinars to present:

• In January 2014, general GRID4EU presentation;
• In May 2014, presentation of the ISGAN case book on Demand Side Management;
• In September 2015, presentation of the ISGAN Award.

All along the project, the GRID4EU consortium took steps to include the different activities 
of the project in the general landscape of Smart Grids so that the knowledge developed in 
GRID4EU is used in different projects and organisations. Below, examples of such efforts to 
collaborate with other projects are listed:

• A common methodology has been used to define GRID4EU Demonstrators Use Cases: 
the Smart Grid Architecture Model (SGAM). Feedbacks on this model as well as on 
standards used in GRID4EU have been communicated, in particular during a STARGRID 
workshop gathering around 25 participants from standardisation bodies and other 
relevant Smart Grids stakeholders on May 16, 2013. These feedbacks also appear in the 
gD4.4 of GRID4EU.

• As for the CBA, GRID4EU suggests feedbacks on EPRI and JRC methodologies and 
creates a CBA approach combining both methodologies. 

• Concerning KPIs, GRID4EU, as an EEGI42 core label project, contributed to the 
development of European Energy Grid Initiative (EEGI) KPIs. This work has been performed 
within the scope of GRID+. Moreover, under the umbrella of GRID+, GRID4EU actively 
exchanged with other projects in various webinars and conferences.

• Concerning cybersecurity, the project Segrid has defined five Smart Grid Use cases 
to represent different aspects of Smart Grids, directly inspired from the GRID4EU 
demonstrations. Segrid is a Framework 7 project started in 2014 which investigates cyber 
security vulnerabilities in Smart Grid, proposes risk assessment enhancements and novel 
security solutions for gaps found in existing security solutions. Use case 5 in Segrid is a 
direct copy of Demo1 in Reken in Germany but also the other four use case where meter 
communication and local and central load balancing are investigated have a strong 
relation to the GRID4EU demonstrators.

• GRID4EU Demos have also been used by GRID+ to validate their SRA templates. SRA 
methodologies have also been shared with the Sustainable and iGreenGrid projects.

• Beyond GRID+, GRID4EU had the opportunity to share knowledge with several projects.  
Examples of such collaborations are the ones with:

- EcoGrid EU. This project is member of GRID4EU Advisory Board and GRID4EU is member 
of EcoGrid EU Reference Group. Besides these meetings, GRID4EU and EcoGrid EU 
collaborated with 10 other international projects in order to write the case book on 
Demand Side Management.

- IGreenGrid. GRID4EU is member of the Stakeholder Committee of IGreenGrid. As 
such, GRID4EU participated in almost all Stakeholder Committee meetings and several 
workshops organized by this project. 

42. The EEGI Label acknowledges that a specific project is in line with the spirit of the EEGI (European Electricity Grids 
Initiative). The EEGI is a common Research, Development and Demonstration (RD&D) program to accelerate innovation 
and address the most critical electricity system issues to reach the targets on energy and climate for 2020 and beyond.
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Beyond these collaborations on specific topics, GRID4EU also shared knowledge with 
organisations identified as primary audience in the dissemination master plan. Such 
organizations are EDSO, Electra IRP, CEER, or ISGF with which GRID4EU organised at least 
one workshop. In particular, on October 6, 2015, during a 5-hours islanding, an on-field 
visit of installations in the GRID4EU Demo6 was performed by almost 20 representatives of 
EDSO Projects Committee (see gD 5.3, 5.4 and 5.5 for more information). 

 12.3 Soft learnings

 12.3.1 Dissemination roadmap

End users, considered as a secondary audience in the dissemination master plan, turned out 
to be primary recipients of the GRID4EU dissemination. Getting the buy-in of customers or 
producers has been a central aspect in all Demonstrators involving them in their Use Cases. 
For instance, the showroom of the French Demonstrator has been visited more than 7,000 
visits times in less than 2 years (17% of visitors are foreign people).

 12.3.2 Dissemination tools

The number of visits in the GRID4EU website has been used to assess the interest of the 
audience in the 156 events in which GRID4EU participated. Indeed, there is a correlation 
between the peaks of visits in the project website and the event of GRID4EU.

 12.3.3 Workshop organisations

To efficiently target audiences defined in the dissemination master plan (e.g. DSOs, 
Regulators, Research Centers, etc.), it has been key to rely on existing European organisations. 
Organisations like EDSO and CEER enabled us to organise dedicated workshops with a 
target audience gathering several relevant stakeholders in Europe. 

The level of satisfaction measured after most of these events is high. Participants in these 
events appreciated in particular the efforts made by GRID4EU to show diverse types of 
contents: videos, posters, polls, etc. One of the highlights of GRID4EU has been the live 
demo to the EDSO Project Committee members of the first islanding experimentation 
happening during a week day in the French Demonstrator.
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 12.3.4 Contributions to ISGAN

GRID4EU was active in the ISGAN Annex2 on Smart Grids case studies. This position, 
made concrete by ISGAN case books, ISGAN Awards or webinars, was consistent with the 
willingness of GRID4EU to facilitate a worldwide knowledge sharing of Smart Grids best 
practices. While GRID4EU does not directly use ISGAN as a tool to effectively perform the 
scaling-up and replication, the approach used facilitated a worldwide knowledge-sharing 
around GRID4EU solutions. Indeed, ISGAN efficiently acted as a worldwide sounding board 
for GRID4EU results. 

It enabled GRID4EU to be considered as a reference project by the global Smart Grids 
community. This recognition was highlighted by the origin of GRID4EU website users: 
20% come from a non-European country. Thus, GRID4EU contributed to showcase the 
European leadership on Smart Grids.
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ID Work 
Package Deliverable title and abstract Delivery

 date
Deliverable

owner

dD1.1 Demo1
(German 

Demonstrator)

Title: Specification and requirements

Abstract: This deliverable details for the Demo1: 
1) Procedures for KPIs validation and measurement 
2) Inputs to GWP2 for risk management 
3) Description of requirements and functionality of the overall 
system

31-Oct-
2012

RWE
Lars Jendernalik:
lars.jendernalik@westnetz.de

dD2.1 Demo2
(Swedish 

Demonstrator)

Title: Detailed project specification and development of 
demonstration activities

Abstract: This deliverable presents the specification of the 
planning of the GRID4EU Demo2, provides specification of the 
work assignments and planning of the development associated 
with the demonstration activities of the Demo2 and also 
describes procedures for KPI validation and measurement as 
well as risk assessment and management.

31-Oct-
2012

Vattenfall Distribution
Ulf Ysberg :
ulf.ysberg@vattenfall.com

dD3.1 Demo3
(Spanish 

Demonstrator)

Title: Demonstration targets and solutions overview

Abstract: This deliverable explains the work developed along 
the project, and summarizes the main activities made during 
the first year. Here you will find the basic specification of the 
Demo3, the improvements that team is trying to develop, and 
the way in which the task are planned and organised.

31-Oct-
2012

IBERDROLA Distribucion
Jesus Varela Sanz :
jvsa@iberdrola.es

dD4.1 Demo4
(Italian 

Demonstrator)

Title: Documentation for technical coordination

Abstract : This deliverable provides with a detailed description 
of the Demo4 related activities and architecture, while 
concerning the definition of key performance indicators for the 
assessment of the project results, and providing procedures for 
technical risk management.

31-Oct-
2012

ENEL Distribuzione
Daniele Stein :
daniele.stein@enel.com
Lilia Consiglio:
lilia.consiglio@enel.com

dD5.1 Demo5
(Czech 

Demonstrator)

Title: Detailed demonstration planning

Abstract: The deliverable focuses on detailed demonstration 
plan and implementation process, design of the Demo5 
Use Cases, identification of KPIs and methods for their 
measurement and evaluation as well as the introduction of 
the methodology used for the risk management. The aim is to 
provide complex Demo5 technical governance.

31-Oct-
2012

CEZ Distribuce
Stanislav Hes :
stanislav.hes@cezdistribuce.cz

dD6.1 Demo6
(French 

Demonstrator)

Title: Initiation of the demonstration

Abstract: This document describes the outlines of the Demo6 
project, including basic facts, Use Cases and project steps. The 
second part of this deliverable specifies the particular KPIs that 
the consortium would like to see used in the pilot. The last part 
of this document proposes a short Annual Situation Report of 
the pilot project, including a focus on the scope modification, 
future expected planning and risk management.

31-Oct-
2012

ERDF
Christophe Lebossé :
christophe.lebosse@erdf.fr

dD6.2 Demo6
(French 

Demonstrator)

Title: General specifications of the solar district

Abstract: In this document, four use cases have been 
described: Islanding; Reduce the power demand; Manage 
maximized PV production; and Encourage resident to adopt 
smarter habits according to network state. It also discusses the 
existing software components / the smart materials and smart 
technologies used to manage the grid storage.

31-Oct-
2012

ERDF
Christophe Lebossé :
christophe.lebosse@erdf.fr

dD6.3 Demo6
(French 

Demonstrator)

Title: Detailed specifications of the solar district 

(This deliverable is not public, only the abstract is public. For 
further enquiries and, in particular, to get information contained in 
this document, please feel free to contact the deliverable owner)

31-Oct-
2012

ERDF
Christophe Lebossé :
christophe.lebosse@erdf.fr

  list of deliverables
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ID Work 
Package Deliverable title and abstract Delivery

 date
Deliverable

owner

dD6.4 Demo6
(French 

Demonstrator)

Title: Customer recruitment and contractual procedures for 
the experiments 

(This deliverable is not public, only the abstract is public. For 
further enquiries and, in particular, to get information contained in 
this document, please feel free to contact the deliverable owner)

31-Oct-
2012

ERDF
Christophe Lebossé :
christophe.lebosse@erdf.fr

gD1.1 GWP1
(Project Mana-

gement)

Title: Project quality management plan 

(This deliverable is not public, only the abstract is public. For 
further enquiries and, in particular, to get information contained in 
this document, please feel free to contact the deliverable owner)

31-Oct-
2012

ERDF
Rémy Garaude Verdier :
remy.garaude-verdier@erdf.fr

gD1.2 GWP1
(Project Mana-

gement)

Title: First yearly Technical Progress Report and Financial 
Report 

(This deliverable is not public, only the abstract is public. For 
further enquiries and, in particular, to get information contained in 
this document, please feel free to contact the deliverable owner)

31-Oct-
2012

ERDF
Rémy Garaude Verdier :
remy.garaude-verdier@erdf.fr

gD2.1 GWP2
(Technical 

Coordination, 
detailed 

specifications 
& requirements)

Title: General Functional Requirements and specifications of 
joint activities in the Demonstrators

Abstract: This deliverable details the General Functional 
Requirements and specification of joint activities in the 
Demonstrators.

31-Oct-
2012

ENEL Distribuzione
Lilia Consiglio :
lilia.consiglio@enel.com

gD2.2 GWP2
(Technical 

Coordination, 
detailed 

specifications 
& requirements)

Title: Project KPIs definition and measurement methods

Abstract: This deliverable defines the KPIs and measurement 
methods of the project.

31-Oct-
2012

ENEL Distribuzione
Lilia Consiglio :
lilia.consiglio@enel.com

gD2.3 GWP2
(Technical 

Coordination, 
detailed 

specifications 
& requirements)

Title: Field data access rights 

(This deliverable is not public, only the abstract is public. For 
further enquiries and, in particular, to get information contained in 
this document, please feel free to contact the deliverable owner)

31-Oct-
2012

KU Leuven
Kristof May :
kristof.may@esat.kuleuven.be

gD4.1 GWP4
(Technology 
and Commu-

nication 
Standards)

Title: Guidelines for standards implementation in the six 
demonstrations

Abstract: The purpose of the deliverable gD4.1 is to identify the 
standards that the six demonstrators of the Grid4EU project 
are using or plan to use to guarantee interoperable exchanges 
of information between their components, and to provide 
guidelines for the implementation of these standards.

31-Oct-
2012

EDF R&D
Jérôme Frémont :
jerome.fremont@edf.fr

gD4.2 GWP4
(Technology 
and Commu-

nication 
Standards)

Title: Ex ante costs and benefits leading to the standards for 
the demonstrations

Abstract: The deliverable gD4.2 identifies costs and benefits of 
the standards usage in the demonstrators.

31-Oct-
2012

EDF R&D
Jérôme Frémont :
jerome.fremont@edf.fr

gD5.1 GWP5
(Commu-

nication and 
Dissemination)

Title: Dissemination Master Plan 

(This deliverable is not public, only the abstract is public. For 
further enquiries and, in particular, to get information contained in 
this document, please feel free to contact the deliverable owner)

31-Oct-
2012

ERDF
Rémy Garaude Verdier :
remy.garaude-verdier@erdf.fr
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ID Work 
Package Deliverable title and abstract Delivery

 date
Deliverable

owner

gD5.2 GWP5
(Commu-

nication and 
Dissemination)

Title: Interactive multimedia communication tools

Link: www.grid4eu.eu

31-Oct-
2012

ERDF
Rémy Garaude Verdier :
remy.garaude-verdier@erdf.fr

dD1.2 Demo1
(German 

Demonstrator)

Title: Report of development for flexible MV-network operation

Abstract: 
1) Introduction and scope of the document 
2) Update deliverable dD1.1 
3) Description of requirements and functionality of the overall 
system 
4) Autonomous multi agent system 
5) RTU communication 
6) Risk management year 2

31-Oct-
2013

RWE
Lars Jendernalik:
lars.jendernalik@westnetz.de

dD2.2 Demo2
(Swedish 

Demonstrator)

Title: Detailed technical specification and set-up

Abstract: The Deliverable dD2.2 presents the detailed technical 
specifications of the GRID4EU Demo2 demonstrator. The 
Deliverable dD2.2 provides specifications of the system 
architecture, system functionality, field installations of 
equipment and configuration of the selected solutions as 
well as the development associated with the demonstration 
activities of Demo2 including an updated risk assessment.

31-Oct-
2013

Vattenfall Distribution
Ulf Ysberg :
ulf.ysberg@vattenfall.com

dD3.2 Demo3
(Spanish 

Demonstrator)

Title: Implementation of technologies

Abstract: This document summarizes the main activities made 
during the second year. Here you will find a description of the 
devices and system to deploy in the demo3, a description of 
the test done over these devices and system, and the way in 
which these system and devices are planned to deploy.

31-Oct-
2013

IBERDROLA Distribucion
Jesus Varela Sanz :
jvsa@iberdrola.es

dD4.2 Demo4
(Italian 

Demonstrator)

Title: Research and development activities results

Abstract: This Deliverable deals with the year 2 Research and 
Development activities and is composed by three main parts: 
1) Reviewed DER connection criteria to the MV network 
2) Control algorithms for DER participation to MV network 
operation 
3) Detailed telecommunication infrastructure specification  
Risks’ status update in relation to year 2 is reported as well.

31-Oct-
2013

ENEL Distribuzione
Daniele Stein :
daniele.stein@enel.com
Lilia Consiglio: 
lilia.consiglio@enel.com

dD5.2 Demo5
(Czech 

Demonstrator)

Title: Detailed specification and development of demonstration 
activities 

(This deliverable is not public, only the abstract is public. For 
further enquiries and, in particular, to get information contained in 
this document, please feel free to contact the deliverable owner)

31-Oct-
2013

CEZ Distribuce
Stanislav Hes :
stanislav.hes@cezdistribuce.cz

dD6.5 Demo6
(French 

Demonstrator)

Title: Tests of the innovative algorithms, Demonstration 
implementation plan and tuning

Abstract: This deliverable is split into 5 Chapters, each one 
defined in a dedicated document: 
− dD6.5_1 Forecast models for the previously defined Use 
Cases 
− dD6.5_2 Algorithms and studies and solutions for the Micro-
Grid management for the islanding 
− dD6.5_3 Roadmap of the storage installed in the substation 
– Roadmap of the installation of PV area 
− dD6.5_4 Description as built of the interfaces between the 
various information systems 
− dD6.5_5 Web Portal EDF

31-Oct-
2013

ERDF
Christophe Lebossé :
christophe.lebosse@erdf.fr
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Package Deliverable title and abstract Delivery

 date
Deliverable

owner

gD1.3 GWP1
(Project 

Management)

Title: Second yearly Technical Progress Report and Financial 
Report 

(This deliverable is not public, only the abstract is public. For 
further enquiries and, in particular, to get information contained in 
this document, please feel free to contact the deliverable owner)

31-Oct-
2013

ERDF
Rémy Garaude Verdier :
remy.garaude-verdier@erdf.fr

gD2.4 GWP2
(Technical 

Coordination, 
detailed 

specifications 
& requirements)

Title: Clearing House implementation and related 
documentation 

(This deliverable is not public, only the abstract is public. 
For further enquiries and, in particular, to get information 
contained in this document, please feel free to contact 
the deliverable owner)

31-Oct-
2013

KU Leuven
Kristof May :
kristof.may@esat.kuleuven.be

gD4.3 GWP4
(Technology 

and 
Commu-
nication 

Standards)

Title: Validation of standard implementation for the 
demonstrations

Abstract: The purpose of the deliverable gD4.3 is to validate 
and share experience in the implementation of standards. 
The monitoring of standards highly depends on the level 
of implementation of the standards by the partner’s products 
and on the state of the different demonstrators.

31-Oct-
2013

EDF R&D
Jérôme Frémont :
jerome.fremont@edf.fr

dD1.3 Demo1
(German 

Demonstrator)

Title: System development and field implementation

Abstract: 
1) Introduction and scope of the document 
2) Software implementation and laboratory tests 
3) Field implementation of MAS 
4) Information security management system 
5) Risk management Year 3

31-Oct-
2014

RWE
Lars Jendernalik:
lars.jendernalik@westnetz.de

dD2.3 Demo2
(Swedish 

Demonstrator)

Title: Demonstration implementation and tuning

Abstract: The Deliverable dD2.3 presents the implementation 
and tuning of the GRID4EU Demo2. The Deliverable dD2.3 
provides information on the system implementation and 
tuning to finalise for the demonstration during the last project 
year. The deliverable presents performance of all the systems 
included in the demonstration, communication solution and 
follow-up processes and methods for evaluation. Monitoring 
of quality of supply using service level agreements is also 
described.

31-Oct-
2014

Vattenfall Distribution
Ulf Ysberg :
ulf.ysberg@vattenfall.com

dD3.3 Demo3
(Spanish 

Demonstrator)

Title: Technical results and performance

Abstract: This document summarizes the main activities made 
during the third year. Here you will find a description of the 
remaining technical solutions developed this year, a resume of 
the installation performed and the guideline for the remaining 
installation and the first result from the field tests.

31-Oct-
2014

IBERDROLA Distribucion
Jesus Varela Sanz :
jvsa@iberdrola.es

dD4.3 Demo4
(Italian 

Demonstrator)

Title: Results of the laboratory tests and of the real field trials 
prior to the demonstration activities

Abstract: This Deliverable deals with the year 3 testing activities 
and is composed by four main parts: 
1) Laboratory testing 
2) Real field testing (system and telecommunication solution) 
3) Fine tuning of the innovative solution’s configuration 
4) First KPIs calculation 
The risks’ status update in relation to year 3 is reported as well.

31-Oct-
2014

ENEL Distribuzione
Daniele Stein :
daniele.stein@enel.com
Lilia Consiglio: 
lilia.consiglio@enel.com
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Package Deliverable title and abstract Delivery

 date
Deliverable

owner

dD5.3 Demo5
(Czech 

Demonstrator)

Title: Implementation of demonstration activities 

(This deliverable is not public, only the abstract is public. For 
further enquiries and, in particular, to get information contained in 
this document, please feel free to contact the deliverable owner)

31-Oct-
2014

CEZ Distribuce
Stanislav Hes :
stanislav.hes@cezdistribuce.cz

dD6.6 Demo6
(French 

Demonstrator)

Title: Halfway assessment of the Smart Solar District

Abstract: This deliverable aims at presenting the halfway 
assessment of the demonstrator: installations on site, 
experiment and first results. Storage assets, PV panels, 
measurement devices and OLTC transformer are presented.

31-Oct-
2014

ERDF
Christophe Lebossé :
christophe.lebosse@erdf.fr

gD1.4 GWP1
(Project Mana-

gement)

Title: Third yearly Technical Progress Report and Financial 
Report 

(This deliverable is not public, only the abstract is public. For 
further enquiries and, in particular, to get information contained in 
this document, please feel free to contact the deliverable owner)

31-Oct-
2014

ERDF
Rémy Garaude Verdier :
remy.garaude-verdier@erdf.fr

gD2.5 GWP2
(Technical 

Coordination, 
detailed 

specifications 
& requirements)

Title: Barrier identification to smarter and stronger grid 
implementation

Abstract: This document aims at presenting the results of 
the questionnaire about Barrier identification to smarter and 
stronger grid implementation.

31-Oct-
2014

RSE
Ilaria Losa:
ilaria.losa@rse-web.it

gD2.6 GWP2
(Technical 

Coordination, 
detailed 

specifications 
& requirements)

Title: Stakeholder acceptance reports involving existing and 
new barriers

Abstract: This deliverable gD2.6 is a report about Stakeholder 
acceptance that involves existing and new barriers.

31-Oct-
2014

COMILLAS
Rafael Cossent :
rafael.cossent@iit.upcomillas.es

gD3.1 GWP3
(Scalability 

and Replication)

Title: Methodology for the definition of scaling-up and 
replication rules and cost-benefit analysis

Abstract: This deliverable provides an overview of the 
methodologies that will be applied to perform the major tasks 
of GWP3: scalability and replicability and the cost benefit 
analyses. These two complementary studies intend to draw 
general conclusions from the experiences in the 6 project 
demos.

31-Oct-
2014

COMILLAS
Rafael Cossent :
rafael.cossent@iit.upcomillas.es

RSE
Michele de Nigris :
michele.denigris@rse-web.it

gD3.2 
& gD3.3

GWP3
(Scalability and 

Replication)

Title: Technical Scalability & Replicability Analysis

Abstract: This document portrays deliverables gD3.2 and 
gD3.3 and presents the work carried out during Year 3 for the 
technical scalability and replicability analysis (SRA) of the use 
cases tested in the Demonstrators of the GRID4EU project.

31-Oct-
2014

COMILLAS
Rafael Cossent :
rafael.cossent@iit.upcomillas.es

gD3.6a GWP3 Benefits and beneficiaries identification for systems in 
GRID4EU demos

(This deliverable is not public, only the abstract is public. For 
further enquiries and, in particular, to get information contained in 
this document, please feel free to contact the deliverable owner)

31-Oct-
2014

RSE
Michele de Nigris :
michele.denigris@rse-web.it

gD4.4 GWP4
(Technology 
and Commu-

nication 
Standards)

Title: Internal report on monitoring the demonstrations 
standards

Abstract: This deliverable is dedicated to list the main issues 
faced by the demonstrations regarding standards. It contributes 
to the objective of the GWP4: “Give feedback and lessons 
learnt to standardization bodies and Smart Grids community”.

31-Oct-
2014

EDF R&D
Jérôme Frémont :
jerome.fremont@edf.fr
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 date
Deliverable

owner

dD1.4 Demo1
(German 

Demonstrator)

Title: Technical and economic evaluation of an autonomous 
switching system in the MV network

Abstract:
1. Introduction and scope of the document
2. Software finalisation
3. Commissioning of communication
4. Test-cases
5. Cost-Benefit-Analysis
6. Evaluation of KPI
7. References

31-Jan-
2016

RWE
Lars Jendernalik:
lars.jendernalik@westnetz.de

dD2.4 Demo2
(Swedish 

Demonstrator)

Title: Demonstration activities results

Abstract: The Deliverable dD2.4 presents the final results and 
experiencesof the GRID4EU Demo2 demonstrator. It provides 
information and results of the Demo2 demonstration phase 
and a full presentation including technical details on the 
demonstration activities during the last project year. At the end 
of the deliverable the conclusions, summary of results and 
lessons learnt are highlighted.

31-Jan-
2016

Vattenfall Distribution
Ulf Ysberg :
ulf.ysberg@vattenfall.com

dD3.4 Demo3
(Spanish 

Demonstrator)

Title: End-results including KPIs and customer acceptance

Abstract: This document summarizes the main activities made 
during the fourth year. It describes the remaining technical 
solutions developed this year, a resume of the installation 
performed and the guideline for the remaining installation and 
the first result from the field tests.

31-Jan-
2016

IBERDROLA Distribucion
Jesus Varela Sanz :
jvsa@iberdrola.es

dD4.4 Demo4
(Italian 

Demonstrator)

Title: Demonstration activities results

Abstract: This Deliverable deals with the year 4 operation and 
monitoring in the real network and is composed by five main 
parts:
1) Laboratory testing results of the prototypes and SCADA not 
included in the previous deliverable
2) Real field results of the system (system and 
telecommunication solution)
3) KPIs evaluated
4) Customers recruitment experience
5) Recommendations for general standardization activities

31-Jan-
2016

ENEL Distribuzione
Daniele Stein :
daniele.stein@enel.com
Lilia Consiglio: 
lilia.consiglio@enel.com

dD5.4 Demo5
(Czech 

Demonstrator)

Title: Demonstration activities results

Abstract: The aim of the document is to Describe the Demo5 
demonstration results and to present KPI evaluation.

31-Jan-
2016

CEZ Distribuce
Stanislav Hes :
stanislav.hes@cezdistribuce.cz

dD6.7 Demo6
(French 

Demonstrator)

Title: Assessment of the developed tools for the demonstrator

Abstract: Demo6 has involved the design, development and 
testing of a wide range of tools including forecasting software, 
metering systems, communication systems, advanced grid 
calculations, market platforms, storage systems, innovative 
transformer, etc. This deliverable aims to present all these 
tools by briefly reviewing their expected general specifications, 
implementation and main performance aspects.

31-Jan-
2016

ERDF
Christophe Lebossé :
christophe.lebosse@erdf.fr

dD6.8 Demo6
(French 

Demonstrator)

Title: Social behaviour assessment

Abstract: The demo 6 was subject to sociological monitoring, 
based on a qualitative and qualitative comparative approach. 
The aim was to grasp the permeability of energy consumption 
practices and to analyze a dynamic for changing practices. 
Conducted surveys also aimed to understand how different 
actors have engaged in this issue, how they mobilised and 
have agreed the technical or non-technical solutions available.

31-Jan-
2016

ERDF
Christophe Lebossé :
christophe.lebosse@erdf.fr
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Deliverable

owner

dD6.9 Demo6
(French 

Demonstrator)

Title: Final assessment of the demonstration

Abstract: This deliverable comprises the DSO vision of the 
involved tools in Demo6, the assessment of clients flexibilities 
by the retailer, the description and assessment of test results 
(technical energy analysis, economic analysis, environmental 
evaluation and replicability analysis) and presents the 
conclusion and perspectives of Demo6, at consortium and 
partners level.

31-Jan-
2016

ERDF
Christophe Lebossé :
christophe.lebosse@erdf.fr

gD2.7 GWP2
(Technical 

Coordination, 
detailed 

specifications 
& requirements)

Title: Final KPIs report

Abstract: This deliverable provides an overview of the 
calculated KPIs’ results.

31-Jan-
2016

ENEL Distribuzione
Lilia Consiglio :
lilia.consiglio@enel.com

gD3.4 GWP3
(Scalability 

and Replication)

Title: Results of the simulations carried out in the SRA for all 
demos

(This deliverable is not public, only the abstract is public. For 
further enquiries and, in particular, to get information contained in 
this document, please feel free to contact the deliverable owner)

31-Jan-
2016

COMILLAS
Rafael Cossent :
r a f a e l . c o s s e n t @ i i t .
upcomillas.es

gD3.5 GWP3
(Scalability 

and Replication)

Title: Scaling-up and replication rules of the GRID4EU 
demonstrations as inferred from the SRA studies

Abstract: The deliverable gD3.5 presents the final results of the 
scalability and replicability analysis (SRA) of the Use Cases of 
the GRID4EU project.

31-Jan-
2016

COMILLAS
Rafael Cossent :
rafael.cossent@iit.upcomillas.es

gD3.6b GWP3
(Scalability 

and Replication)

Title: Specific methodological topics and definition of 
monetisation criteria for selected benefits in GRID4EU demos

Abstract: High level methodological issues related to cost-
benefit assessment are discussed and the monetisation criteria 
for the economic evaluation of selected benefits for systems in 
GRID4EU Demos are proposed.

31-Jan-
2016

RSE
Michele de Nigris :
michele.denigris@rse-web.it

gD3.7 GWP3
(Scalability 

and Replication)

Title: Summary report on the replication potential in Belgium

Abstract: Application of the Scalability and Replicability 
analyses in the GRID4EU project to the country of Belgium.

31-Jan-
2016

KU Leuven
Pieter Vingerhoets :
pieter.vingerhoets@esat.
kuleuven.be

gD3.8 GWP3
(Scalability 

and Replication)

Title: Summary report on the replication potential in Brazil and 
California

Abstract: This report evaluates the extent to which the 
technical SRA rules presented in previous GWP3 reports 
would be applicable to contexts with different technical and 
regulatory boundary conditions. The cases of California and 
Brazil have been selected as both regions are active in the 
areas of renewable energy and smart grids. Furthermore, 
network characteristic and regulatory context in these two 
regions are noticeably different from the EU, thus enabling a 
wider and more comprehensive SRA analysis.

31-Jan-
2016

COMILLAS
Rafael Cossent :
rafael.cossent@iit.upcomillas.es

gD4.5 GWP4
(Technology 
and Commu-

nication 
Standards)

Title: Final report on lessons learnt fed back to standardization 
bodies

Abstract: This deliverable contributes to the third objective of 
the GWP4: “Give feedback and lessons learnt to standardization 
bodies and Smart Grids community”. The technical feedbacks 
regarding standards are compared against the first guidelines 
provided during the start of the project.

31-Jan-
2016

EDF R&D
Jérôme Frémont :
jerome.fremont@edf.fr
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Deliverable
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gD5.3 GWP5
(Commu-

nication and 
Dissemi-
nation)

Title: Workshops for the European DSO community

Abstract: This deliverable provides an overview of the 
dedicated GRID4EU workshops towards DSOs during the Years 
2, 3 and 4.

31-Jan-
2016

ERDF
Rémy Garaude Verdier :
remy.garaude-verdier@erdf.fr

gD5.4 GWP5
(Commu-

nication and 
Dissemination)

Title: Workshops towards professional associations and 
research performers

Abstract: This deliverable provides an overview of the dedicated 
GRID4EU workshops towards professional associations and 
research performers during the Years 2, 3 and 4.

31-Jan-
2016

ERDF
Rémy Garaude Verdier :
remy.garaude-verdier@erdf.fr

gD5.5 GWP5
(Commu-

nication and 
Dissemi-
nation)

Title: Workshops towards regulatory bodies

Abstract: This deliverable provides the Proceedings of 
dedicated GRID4EU workshops towards regulatory bodies.

31-Jan-
2016

ERDF
Rémy Garaude Verdier :
remy.garaude-verdier@erdf.fr

gD5.6 GWP5
(Commu-

nication and 
Dissemi-
nation)

Title: Contribution to ISGAN activities

Abstract: This deliverable details the GRID4EU contributions to 
ISGAN activities.

31-Jan-
2016

ERDF
Rémy Garaude Verdier :
remy.garaude-verdier@erdf.fr

gD5.7 GWP5
(Commu-

nication and 
Dissemi-
nation)

Title: Knowledge Use and Dissemination Plan

(This deliverable is not public, only the abstract is public. For 
further enquiries and, in particular, to get information contained in 
this document, please feel free to contact the deliverable owner)

31-Jan-
16

ERDF
Rémy Garaude Verdier :
remy.garaude-verdier@erdf.fr

gD1.5 GWP1
(Project 

Management)

Title: Fourth yearly Technical Progress Report and Financial 
Report

(This deliverable is not public, only the abstract is public. For 
further enquiries and, in particular, to get information contained in 
this document, please feel free to contact the deliverable owner)

31- Mar-
2016

ERDF
Rémy Garaude Verdier :
remy.garaude-verdier@erdf.fr

gD1.6 GWP1
(Project 

Management)

Title: Final report

Abstract: This deliverable showcases the main results reached 
in the GRID4EU project.

31-Mar-
2016

ERDF
Rémy Garaude Verdier :
remy.garaude-verdier@erdf.fr
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  List of spotlights

Work Package Spotlight title 
Demo1

(German Demonstrator) Title: Spotlight on the autonomous switching system implemented in DEMO1

Demo1
(German Demonstrator) Title: Spotlight on the forecast algorithm implemented in DEMO1

Demo1
(German Demonstrator) Title: Spotlight on the failure management in the MV network of DEMO1

Demo1
(German Demonstrator) Title: Spotlight on the communication infrastructure implemented in DEMO1

Demo2
(Swedish Demonstrator) Title: Spotlight on LV Network Monitoring implemented in DEMO2

Demo2
(Swedish Demonstrator) Title: Spotlight on Power Quality Meter Event analysis implemented in DEMO2

Demo3
(Spanish Demonstrator) Title: Automatic Grid Recovery implemented in the DEMO3

Demo3
(Spanish Demonstrator) Title: Customer Engagement program performed in the DEMO3

Demo3
(Spanish Demonstrator) Title: Equipment for monitoring in the DEMO3

Demo3
(Spanish Demonstrator) Title: High Availability communication implemented in the DEMO3

Demo4
(Italian Demonstrator) Title: Spotlight on Voltage Control implemented in DEMO4

Demo4
(Italian Demonstrator) Title: Spotlight on MV grid voltage control and anti-islanding systems implemented in DEMO4

Demo4
(Italian Demonstrator) Title: Spotlight on Electric Energy Storage System implemented in DEMO4

Demo4
(Italian Demonstrator) Title: Spotlight on the new communication network devices implemented in DEMO4

Demo4
(Italian Demonstrator) Title: Spotlight on Communication Infrastructure implemented in DEMO4

Demo4
(Italian Demonstrator) Title: Spotlight on Power Line Carrier over MV grid implemented in DEMO4

Demo5
(Czech Demonstrator) Title: Spotlight on Automated failure management in MV network implemented in DEMO5

Demo5
(Czech Demonstrator) Title: Spotlight on Automated failure management in LV network implemented in DEMO5

Demo5
(Czech Demonstrator) Title: Spotlight on DER ancillary services

Demo5
(Czech Demonstrator) Title: Spotlight on Island operation with CHP unit in DEMO5

Demo5
(Czech Demonstrator)

Title: Spotlight on Power quality measurement and evaluation 
 (with focus on EV charging process)

Demo6
(French Demonstrator) Title: Spotlight on residential storage implemented in DEMO6

Demo6
(French Demonstrator) Title: Spotlight on islanding implemented in DEMO6

Demo6
(French Demonstrator) Title: Spotlight on the Network Energy Manager (NEM) in DEMO6

Demo6
(French Demonstrator) Title: Spotlight on solar transformer implemented in DEMO6

Demo6
(French Demonstrator) Title: Spotlight on BPL communication implemented in DEMO6

Demo6
(French Demonstrator) Title: Spotlight on smart metering implemented in DEMO6

Demo6
(French Demonstrator) Title: Spotlight on the load forecast in DEMO6

Demo6
(French Demonstrator Title: Spotlight on clients' peak shaving flexibilities in DEMO6

Demo6
(French Demonstrator Title: Spotlight on residential clients' PV integration flexibilities in DEMO6
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