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EXECUTIVE SUMMARY 
 

This deliverable presents the achivements, the results and the lessons learnt of the three 
use cases of Nice Smart Valley – the French demonstration of Interflex: 

- Use Case 1: MV Islanding system to reduce the impact of outages on the grid 
- Use Case 2: Multiservice use of distribution grid connected battery storage systems  
- Use Case 3: Flexibility mechanism to manage distrbution grid constraints 

Field tests, laboratory tests, simulations and theoretical analysis have been performed to 
test and assess the business models linked to these uses cases in the present context and in 
the future.  

In the document, each use case is addressed through a similar structure: 

 Description of the use case through the context, the objectives and technical, 
contractual and business solutions used to implement them 

 Description of simulations and or test suites 

 Analysis of the results, including KPIs 

 Listing of lessons learnt on key topics such as business model profitability, regulation, 
technical solutions, market design and customer recruitment. 

Use Case 1: 

Islanding use case consists in islanding a portion of an MV network, with no power cut for 
local customers, based on several storage systems. The islanding system relies on two 
storage systems installed by ENEDIS and ENGIE on Lérins islands and controlled by inverters 
and a wireless communication system developed by SOCOMEC. It can be remotely started 
and stopped from ENEDIS’ regional control room. Nice Smart Valley has tested a new 
potential service aiming at maximizing the duration of the supply of an islanded network 
thanks to the support of other storage systems available. During Nice Smart Valley, some 
studies have been performed to: 

- Insure the safety for people and material goods during islanding; 
- Confirm the stability of the islanding; 
- Design an optimal islanding system able to last a specific duration e.g the time needed 

to bring generators or to fix the cable. 

The results showed that in a technical point of view, islanding with no rotating generator of 
a small portion of the MV grid and several storage systems is possible. Each of the 18 islanding 
attempts were successful with no blackout for any of local customers. The theory shows that 
the system installed could not island for more than 8 hours. Some generation have been 
considered to assess how the islanding duration would increase. The results showed that a 
long islanding - exceeding one day – would require both generation and more batteries, as 
well as demand side management mechanisms (see deliverable D3.8 – Scalability and 
Replicability analysis for more details). A demand side management system is also required 
to optimize the system size that would be able to island at anytime. 

On this Use case, the present document is mostly technical. The contractual framework as 
well as economical analysis of such a system can be found in chapter 1 of deliverable D9.4 – 
Contract principles frome DSO and aggregators and list of services from an aggregator to a 
DSO. The business model for this type of solution is not profitable today for connected islands 
such as Lérins islands. 
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Use case 2: 

Three storage systems have been used to test and simulate different services for battery 
connected to the distribution grid, referred to as: 

 Storage 1: ENEDIS asset in Lerins (GFU) whose description is presented in 2 

 Storage 2: ENGIE asset in Lerins is presented in 2 and in 3.1.4 

 Storage 3: ENEDIS asset in Carros described in 3.1.3 

This chapter presents an analysis of the business models and the technical tests performed 
to assess if the storage system and the remote controlled solution would enable a 
multiservice implementation. 

Each of these storages enabled ENGIE and ENEDIS to test the implementation and 
combination of following services, in different contexts: 

- Maximizing the benefit of a collective self-consumption operation (storage 2 and 3), 
with a local storage, a distant storage or a virtual storage. 

- Ancillary services and market valorization (storage 1, 2 and 3) 
- Islanding of a portion of MV network (storage 1 and 2) 
- Flexibility to alleviate potential grid constraints (storage 3) 

The conclusion can be summarized as followed: there are no major technical nor contractual 
barriers to implement a multiservice approach. However, the business models are not yet 
profitable for distribution grid connected storages in current French mainland context. A 
summary of economical hurdles and regulation recommendation is presented in 3.5. 

 

Use case 3: 

Flexibility for local constraints has been addressed through a local mechanism based on a 
market approach with competition between aggregators, tested on an area covered by three 
primary substations.  D9.4 focused on the products and market design, whereas this 
document describes the recruitment process (update of deliverable D9.2), the business 
model analysis, the technical results of the project platforms and type of flexibility 
resources. 

These analysis leads to a list of lessons learnt and recommendations that can be found in 
subchapters of 4.4 on recruitment, market design, tools, flexibility resources types, business 
model and regulation. 
 
A large panel of flexibility resources were tested: 
 

 Remotely controlled Hybrid gas/electricity appliances 

 Remote control of customer assets 

 Behavior based flexibility 

 Vehicle to Building and stationary storage 
 
The project shows that there are no major technical hurdles for the actors to implement 
such a mechanisms: communication and IT tools as well as appliances performed as expected 
and aggregators as well as the DSO integrated successfully the process. The complete chain 
of mechanism have thus been tested from DSO request to service check. 
 
The recruitment process for behavior based flexibility appeared to be easier as no material 
implementation is required at customer premises, whereas remote controlled flexibility 
proved to offer a quick responsive and reliable flexibility. 
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Moreover the service check methods used by ENEDIS confirmed their performance for B2C 
and B2B customers (accuracy of 7 to 8% for a portfolio of 180 B2C customers). 
 
However there is currently no sufficient driver to recruit enough flexibility, especially B2C 
customers, on specific locations where it would be useful to address local constraints. The 
business model relies currently mostly on national mechanisms. Besides, in order to catch 
the interest of B2C customers and SME B2B customers, flexibility needs to be combined with 
other services, such as energy efficiency. Eventually, mechanism and regulation must be 
kept simple while the market is emerging. Complexity that could be required regarding for 
example TSO/DSO coordination must be addressed gradually accordingly to the market 
growing. 
 

Finally, the section ‘Forecasting tools for UC3’ presents the development of a solution done 
by GE and ENEDIS delivering production and generation forecasts at the primary 
substation. This solution was tested over the area of Use Case 3. A further analysis on the 
performance of the computed forecasts has been done. This chapter focused on the 
technical details of the solution that has been developed and in particular on the protocols 
and implementation done to ensure a safe data exchange between ENEDIS and GE. This 
section details as well the design and use of KPIs to get relevant insights on the performance 
of the forecast algorithms having been used. 
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 INTRODUCTION 

1.1 Scope of the document 

Deliverable 9.3 describes and summarizes the results from the French demonstrator Nice 

Smart Valley and gives an overview over the key learnings and conclusions derived from the 

field test demonstrations in France. 

1.2 Notations, abbreviations and acronyms 

The table below provides an overview of the notations, abbreviations and acronyms used in 

the document. 

ACRONYM Definition 

ACR Regional Control Agency (in its French acronym) 

COP Coefficient of Performance 

CRE Commission de Régulation de l’Energie, French energy regulator 

DER Distributive Energy Resources 

DSO Distribution System Operator 

DSR Demand side response 

FCR Frequency Containment Reserve 

FSP Flexibility Service Provider 

GFU Grid Forming Unit 

GSU Grid Supporting Unit 

LV Low Voltage 

MV Medium Voltage 

NSV Nice Smart Valley, brand for InterFlex French demonstration 

OA Obligation d’Achat: French regulated feed-in tariff for EDF to buy renewable energy 

PCS Power Conversion System 

PMS Power Management System 

RTE Réseau de Transport d’Electricité, French TSO 

SOC State of Charge 

SOGL System Operator Guideline 

SOH State of Health 

TICFE 
Taxe intérieure sur la Consommation Finale d’Electricité : french tax on end use of 
electrical energy 

TSO Transmission System Operator 

TURPE 
Tarif d’Utilisation des Réseaux Publics d’Electricité : French grid tariffs for electrical 
transport and distribution networks 

V2B Vehicle To Building 

V2G Vehicle To Grid 

V2H Vehicle To Home 

VAT Value-Added Tax 
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 USE CASE 1: MV ISLANDING WITH BATTERY STORAGE 

SYSTEMS 

2.1 Use case description 

2.1.1 Context 

In case of an outage on the distribution network DSOs commonly use two ways - ethier 

separately or combined - to recover the electricity to customers before reparation: 

 Grid reconfiguration, mainly possible on MV network and less common on LV network, 

thanks to remotely controlled switches or manual intervention, when enabled by the 

grid structure (e.g several MV feeder able to supply a secondary substation thanks to a 

“source to source” structure)  

 Installation of mobile fuel gensets on secondary substation or less ccommonly on MV 

level through a mobile MV/LV transformer 

The second point means that DSOs are used - and entitled - for decades to voluntarily 

islanding portions of the grid to reduce the impact of failures.  

In the context of the development of storage units as well as renewable energy sources 

connected to the distribnution grid or to customer premises, French demonstration use case 

1 aims at showing how 

 DSO can technically operate an MV islanded microgrid based on storage systems without 

any rotating machine, as a back up solution in case of an outage on the grid 

 DSO can rely on existing storage systems owned by owned by a third party and possibly 

monetized by FSP, by creating a new service and a new ontractual framework, as well 

as a wireless communication system between storage systems. 

This type of system could be implemented in connected areas where back-up network 

configuration are difficult to deploy, such as cconnected islands, or valleys. 

This use case is an example of how DSOs could improve the quality of supply by taking 

advantage of distributed energy resources, while complying with the Clean Energy package 

restrictions regarding storage ownership for regulated bodies. Whereas the cost benefit 

analysis remains very weak, even with a multiservice approach as developed through use 

case 2, the developed technology for microgrid is a big step forward and can be easily 

adapted on non-connected areas worldwide. 

2.1.2 Objectives and global technical solution 

2 electricity storage facilities have been installed on Sainte-Marguerite Island: 

- Storage 1: owned and maintained by ENEDIS. The power of the converter is 250 kW and 

the stored energy capacity is 620 kWh. The power of the auxiliary system is 3.4 kW at 

peak (1 kW at rest). 

- Storage 2: owned and maintained by ENGIE. The power of the converter is 33 kW and 

the storage capacity is 274 kWh. The power of the auxiliary system is 0.6 kW at peak 

(0.25 kW at rest). 

 

The tests implemented as part of the demonstrator have the following objectives: 
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- Design and test contractual relationships allowing a third party aggregator to value the 

storage of a DSO and allow a DSO to manage the GSU 

- Design and test an operational technical solution 

- Determine the conditions of profitability of such a solution. 

 

The business model tested is as follows: 

The distribution system operator wishes to secure the electricity supply from electricity 

storage facilities. A battery exists in this area and has been installed by an aggregator 1, but 

it is not enough. In the absence of battery installation by another actor and following the 

clean energy package restriction for storage ownership by a regulated player, the 

distribution system operator shall install storage1. Following a mechanism to be defined, 

which could be a call for tenders, the distribution system operator uses an aggregator/FSP 

to add value to this storage outside the islanding times so that the cost of this storage is 

partially offset by revenues obtained by the aggregator/FSP. The income here is fixed for 

the network operator. The selected aggregator, aggregator 2, bears the income risk. It offers 

a price to the network manager by estimating the gains on the value pockets on which it 

believes it can add value to the storage. In the context of this demonstrator, aggregators 1 

and 2 are identical, they are ENGIE. The network manager is ENEDIS. 

Important: the valorisation of the storage of the distribution system operator by the 

aggregator must respect constraints, in particular in terms of the minimum energy available 

for islanding (see technical operating condition). 

 

The remuneration of aggregator 1 is not clearly defined at this stage. The network manager 

wants to remunerate him according to activations (opportunistic mode). However, such a 

remuneration scheme does not allow aggregator 1 (1) to guarantee the availability of part 

of its storage for islanding and (2) to pay for the installation of the required system making 

its storage a GSU when needed by ENEDIS. From ENGIE's point of view, a fixed part of the 

remuneration would reduce the dimensioning of ENEDIS storage in energy (engaged mode). 

This complex issue to be decided in theory can be decided when the economic needs and 

issues are real. 

 

The contractual framework was presented in deliverable D9.4. 

As a reminder, two modes of operation are envisaged. In normal operating conditions, ENGIE 

manages storage facilities 1 and 2 and values them on pockets of national value. In the event 

of an islanding, storage 1 becomes Grid Forming Unit (GFU) and storage 2 becomes Grid 

Supporting Unit (GSU) and is controlled by the GFU. 

The technical operating conditions are as follows: 

Due to constraints on the network, ENGIE storage can inject up to 15 kW and withdraw 33 

kW. In normal operating mode, ENGIE cannot unload storage 1 at more than 50% and can 

                                            

1The case where sufficient storage capacity and converter power for the needs of the islanding would 
have been previously installed was not dealt with in Nice Smart Valley. In particular, the technical 
and contractual feasibility of both allowing the DSO to remain an island operator of its network, i.e. 
to ensure the injection/extraction balance and the safety of goods and people, while not owning any 
storage and conversion assets, has not been studied. Nice Smart Valley has shown, however, that in 
the case of an island based solely on a PV/storage/DSM trio, these prerequisites are not trivial. 
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load it up to 100%. ENEDIS can unload storage 2 up to 30% of its maximum load and load it 

up to 100%.  

 

The management method implemented allows the valuation of storage facilities 1 and 2 on 

the energy market, in cloud storage and on the capacity market or on the tertiary reserve 

and capacity market. As a target, it would be interesting to adapt the storage facilities with 

a frequency measurement software in order to participate in the more profitable short-term 

frequency adjustment (R1).  

 

Technical management solution implemented 

Here is the simplified electrical diagram of the islands' power supply as well as the control 

diagram, in non-islanded and islanded mode: 

 

Figure 1 - Diagram of the islands' supply in unmanned mode 

 

 

Figure 2 - Control diagram in non-islanded mode 
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Figure 3 - Control diagram in islanded mode 

 

2.2 Simulations, laboratory tests and set up 

2.2.1 Electric protection scheme 

The electrical protection scheme management is crucial for every DSOs as it detects the 

faults to guarantee a proper level of safety for people and goods.  

Protection schemes are defined according to how the grid is operated which means that it 

depends on the DSOs and on the local topology of the grid. On Lérins islands, the protection 

scheme has not been designed considering future islanding tests. Thus, there was no clue to 

know exactly how the protection scheme would behave in this untypical operating 

conditions. 

ENEDIS has decided to assess how the usual protection scheme would act during an islanding. 

Then an adaptation has been proposed to increase the capacity of the protection scheme to 

detect faults. Finally, laboratory tests have validated the theory by testing some faults.  

This process, which is detailed in Appendix A: Protection Scheme assessment for UC1 showed 

that an isolated neutral combined with voltage measurement guarantee a proper level of 

fault detection during islanding 

2.2.2 Stability of the system 

2.2.2.1 Theoretical study 

The network consists of several types of cable (aluminum/copper with different sections), 

which will be modeled in the following sections. It connects the two islands to the MV 10kV 

main grid from Cannes. 

In the so-called ‘Prison’, ‘Incineration’ and ‘St.Honorat’ substations (see Figure 29) some 

converters are considered, and distinguished in Photovoltaic inverters (PV, also called GSU, 

grid supporting unit) and Storage inverters (GFU, grid forming unit). It is to be noted that at 
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the moment these simulations were performed, PVs were expected to be installed onto the 

two islands2. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 - MV and LV island distribution 

The method and detailed results are presented in Appendix B. 

The grid has been simulated starting from the data available and considering some 

“standard” hypotheses. In this condition the network seems to be stable and well «damped». 

 

However, changing the hypotheses, it is possible to experience problems, in particular: 

 

The first issue concerns a basic power balance, in fact the installed PV and the nominal loads 

in the network are comparable and even larger than the GFU.  

In islanding condition, this large difference results in the critical need to monitor the 

network status to avoid blackouts. In fact, if the loads connected are bigger than the sum of 

the generated GFU power and PV power (the latter is dependent on the irradiation), it would 

be necessary to be able to shed loads to avoid the grid voltage to collapse. 

The second issue is a potential instability: the installed PV plus the GSU (both running in 

current mode, hence requiring a PLL) are larger than GFU and when the system is connected 

to the main grid (from Cannes) the converters are decoupled. 

However, in off-grid condition the converters are not decoupled anymore but every well 

designed PLL on the market will not lead to instability issues.  

 

 

                                            

2 It was eventually not possible due to administrative constraints 



D9.3 Demonstration results based on the KPI measurements  
and lessons learnt from the demonstrations 

InterFlex – GA n°731289  Page 29 

 

2.2.2.2 Approval test in lab  

To validate the functioning of the islanding system, ENEDIS made use of the services of EDF 

R&D via a test platform called "Concept Grid". The aim was to validate the innovative 

components of the islanding system for the Lérins Islands.  

Each function which was experimented on the Lérins Islands was tested and validated 

upstream on the Concept Grid network. The exhaustive list of functionalities tested in the 

laboratory is as followed:  

 GFU storage blackstart function test 

 Stability of the grid during islanding without a power outage at start-up 

 Stability of the transition to islanding without a poawer outage at start-up 

 System stability upon activation of the f(SoC) function of the GFU and the P(f) function 

of PV inverters 

 System stability at the end of islanding without a power outage (complete sequence) 

 Test of coordination between GFU and GSU. 

Test diagram 

The test diagram in Figure 5 is used for functional tests. Note that part of this equipment 

was able to be de-energized for each test.  

 

 

Figure 5 - Detailed configuration of the Concept Grid network for functional tests 

Appendix B  gives details of the objectives and results of the tests that were all passed 

successfully and therefore proved the system to be ready to be implemented on the field: 

each component of the system was validated, through a complete islanding sequence. 
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2.2.3 Integration to the distribution network 

Batteries operations are not covered by current operation rules of ENEDIS. In order to ensure 

safe operation and to be able to take advantage of existing skills at ENEDIS, it has been 

necessary to find a way to integrate the battery in the operation rules to guarantee that the 

safety level is as good as the operation of any grid infrastructure. 

In the norm NF UTE C18-5103, the notion of “utility facilities” refers to the public electricity 

distribution network, which integrates the notion of concession agreement. According to 

that definition, batteries cannot be currently considered as “utility facilities”. 

The battery must then be considered as an “installation operated by Enedis”. The operation 

manager accreditations were therefore updated, to enable ENEDIS operation teams to work 

- or to authorize subcontrators to work- on the installations. 

 

In that context, a specific operation agreement has been written, setting the operation 

procedure. This document describes: 

- Electrical data and wiring diagram 

- Operations procedures (authorization, working process, protection program) 

- Technical data and safety system 

- Normal operation mode 

- Fail operation mode (in case of incident) 

Moreover, the battery equipment has been integrated into grid control software to 

enable the grid control agency to: 

- Monitor alarms safety 

- Remotely control the islanding system 

- Check battery state 

Also, an information has been provided to the different actors that may potentially operate 

the battery. This information has been realized through a meeting for a global presentation 

then on the field to understand and assimilate the equipment. 

The integration into the control grid system hasn’t been easy because control grid tools 

aren’t designed to specify grid particularity such as batteries. Futhermore, in this use case 

the battery is Enedis’ property, which means it is not possible to consider the asset only as 

a producer, it is then necessary to incorporate the battery as part of the grid in the operation 

scheme. In case of a generalization of this equipment, it would be necessary to improve the 

grid control software and tools in order to facilitate the integration of its solutions, with a 

special mention for “installation” in regards to “utility facilities”. 

In case of an industrial development of such systems leading the DSO to operate a storage, 

independently of its ownership, it will be necessary to develop the operation rules and the 

normative context. 

                                            

3 NF UTE C18-510 is a French standard. It is the reference for operations in electric environment. It 
defines roles and responsibilities, operations rules and authorization.  
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Moreover, as the DSO isn’t used to operate batteries, it is important that the monitoring 

system is: 

- Easy to understand: the spread of information has to be understandable 

- Uniformed and flexible: the regional grid control should be able to adapt the scheme 

with specific item (i.e. to evolve the grid control tool) such as: 

o represent different level of voltage (low/high) 

o represent different voltage (DC or AC) 

o rename a control according to the need (fire alarm, islanding order, islanding 

activates…) 

o integrate a specific section to operate the islanding for secure the daily use (in the 

use case, the section used to operate the asset is the producer section).  

o connect the islanding to the grid protection system for ordering an islanding as soon 

as an incident occurs upstream of the islanding area 

- Normalized: a national standard should define the terms of the integration, the 

monitoring and the operation of batteries. (Failure scenario, operation system, 

maintenance schedule, safety basics…). 

2.2.4 Field implementation of the material 

2.2.4.1 Lérins island network and environment 

The Lérins islands were chosen for this project because of their particular grid connection.  

They are currently supplied by a 10 kV MV submarine distribution network cable of 1500 m 

placed on a shallow bottom (<10 m). In case of an incident causing the loss of this connection 

(removal of the cable by an anchor, for example), the installation of five generating sets on 

the Lérins islands is necessary.  

The 10kV MV network of the archipelagois relatively small: 2.2 km of MV network of variable 

section, five substations MV/LV for a load peak of 450 kVA and 56 clients among whom five 

have powers included between 36 and 250 kVA. 

There is no production of relief on the islands: if the link with the continent breaks, 

customers are no longer supplied during the time of routing and installation of generators, 

which can be quite long because of the location (around 1 day). In fact, the troubleshooting 

and repair times are linked to the climatic conditions andto the provision of a barge to carry 

the generators and to repair the cable (which must be hoisted onto the surface to repair). 

As a consequence, returning to a normal situation may take up to several weeks.  
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Figure 6 - MV islands cabling 

Besides, Lérins ilsands are an emblematic location of the French Rivieria, thanks to their 

landscape, architecture and heavenly environment, at only ten minutes by boat from the 

city center of Cannes. Its economical ativity relies mainly on touristic industry, inducing a 

peak consumption over summertime, on winemaking and on a small shipbuilding yard. 

2.2.4.2 General overview of the system 

The drawing below shows all the power and control electrical connections within the global 

installation (The Master BESS is the Grid Forming Unit (GFU), and the Slave BESS is the Grid 

Supporting Unit (GSU)). The equipment is described in the following sections.  
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Figure 7 - Electrical distribution and BESS 
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The GFU is located in the island at “Incinération” and is connected to the LV grid. 

 

The GSU is located at “Grand Jardin” is also connected to the LV grid. 

 

The GFU will master the Islanding, back-up and grid stability with inductive and/or 

capacitive grid configuration. The GSU will support the GFU in active power for this function. 

 

2.2.4.3 GFU Energy Storage Systems 

 

Figure 8 - Déchetterie site 

 

1. Storage converter: 250 kVA 4 PCS² Sunsys each 66 kVA (264 kVA derated at 250 kVA). 
2. AC distribution cabinet. 
3. DC distribution cabinet. 
4. PMS cabinet. 
5. Battery: 620 kWh (Lithium-Ion) from SAFT in Container 20 FT. 

Battery rack from SAFT: 10 racks, 29 modules total 620 kWh. 
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Figure 9 - Déchetterie BESS 

 

 

Figure 10 - GFU system single wire diagram 

The GFU includes the power converters, the automation devices requested for the 

monitoring and island function and also the monitoring for the anticipated islanding function. 
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2.2.4.4 GSU Energy Storage Systems 

 

1. 33 kVA 240 Ah 1 PCS² Sunsys each 100 kVA derated at 33 kVA. 
2. Battery rack from LG: 2 rack, 14 modules total 274 kWh. 
3. AC distribution cabinet. 
4. DC distribution cabinet. 
5. Fire extinguishing device. 
6. PMS cabinet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11 - GFU system 
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Figure 12 - GSU single wire diagram 

 

Note: The GSU is designed with the same automation devices like the as the GSU even if in 

the use case of this project the islanding function are not used (it could for example be 

used for an islanding of a customer installation behind the meter, in case of a storage 

system connected to customer premises). 

 

2.2.4.5 Seamless Medium Voltage Islanding 

The islanding cabinet is located at “Guerite”. 

In MV islanding, as it is the case for NSV, some additional sensors are required. They have to 

ensure the connection and disconnection from the main grid without disturbances on the 

load by the synchronization process. Therefore, it is necessary to measure the voltage 

upstream and downstream of the islanding breaker (CBG). To do so, MV switchgears 

measurements (voltage and current) have been 

adapted in order to be compatible with the 

islanding controller and with the accuracy <2% of 

relative difference. This aims to determine the 

power consumed from the grid in order to 

compensate it via the ESS. It will enable an 

islanding without energy exchange, as detailed 

below.  

The voltage measurements are done thanks to 10 

kV / 100 V transformers. The islanding board and 

other sensor devices has been set to be compatible 

with a 100 V signal input. 

The sensing devices I35, U30, C31, Serial link RS485 are present in order to transfer the 

measurements to the GFU located at “Incinération”.  

The medium voltage islanding cabinet equipments are shown on the pictures below: 

1. Medium voltage Islanding Breaker (CBG) from Siemens. 
2. Current sensors at medium voltage. 
3. Medium voltage sensors. 
4. Islanding controller. 
5. Measurements devices (current, voltage). 
6. Serial link converter RS232/485 (for islanding board). 

 

 

Figure 13 - Remote islanding cabinet 
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Figure 14 - MV - DJC / CBG breaker 

 

2.2.4.6 Anticipated Islanding 

One of The NSV project ambition was also to prepare a new 

way of islanding: the anticipated islanding. The idea for that 

is to analyse the grid, thanks to several measurement 

devices that have been put in place, in order to see if some 

specific grid behaviour systematically leads to a loss of the 

grid. This stayed at an analysis phase for this project.  

 

The aim of this function is to anticipate potential grid 

disturbances both at the medium voltage level and at the 

low voltage level and also some other external events 

(weather conditions like: thunderstorm, grid operations …). 

The target is to switch in islanding mode before voltage 

disturbances occur and deliver to the customer loads a high 

quality electricity supply without any voltage cut which 

could affect sensitive loads like industry and less residential 

customers. The input requested for the function will be 

provided by voltage measurements at the low voltage level of the grid and thanks to the 

communication link for external events. 

 

In comparison with traditional installations, for instance with gensets, the BESS allows the 

islanding for inverted backup without constraints or costs for a higher electricity supply 

safety. 

To do that, we need a control system that is able to detect the conditions leading to a 

potential outage. First a collection of recording shall be constituted in order to define the 

proper algorithm for achieving this functionality. 

 

The DIRIS Q800 is an electrical grid analyzer with multiple functions designed for energy 

efficiency projects and measurements. It will support and ensure the electrical installation 

continuity of service. 

The Q800 will be useful to: 

 Improve electrical installation efficiency. 
 Reduce production losses. 
 Optimise exploitation costs. 
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Figure 15 - Network analyzer 
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 Reduce maintenance costs. 
 

In order to reach such objectives the DIRIS Q800 has the following functions: 

 Electrical measurement and status/alarms (dry contact). 
 Analyse energy quality in regard to IEC standard IEC 61000-4-30 class A. 
 Differential current measurements. 
 Remote control. 

 
The DIRIS Q800 is configured in order to record the voltages waveforms as soon as the voltage 

is out of the defined limits. Based on EN 50160, it will record voltages and currents each 

time that the network conditions are degraded. It will acquire instantaneous samples and 

calculate their RMS values, frequency, inverse and zero-sequence components, THD, 

harmonics, etc.  

Recorded data will be stored locally and/or in the cloud. Local data is easy to download and 

used later. All necessary materials will be installed in an enclosure in the low voltage area 

of the MV/LV substation. 

 

1. Q800 
2. Current sensor 

 

 

 

 

 

 

 

 

 

2.2.4.7 Local self-

consumption and production balancing functions 

 

One use case of the NSV project is to manage the photovoltaic production. Two main topics 

are considered here: balance between production and consumption and self-consumption. 

Preservation of the balance between production and consumption during islanding phases 

while maintaining the voltage and frequency within required operating ranges is really 

important. In this operating mode, the BESS’s priority is to regulate voltage and frequency 

of the micro-grid. This operation is possible for a 

limited duration which varies depending on the state of 

charge (SOC) of the batteries, the load consumption 

and the level of local production (if there is any). To 

reduce PV generation and thereby avoid the maximum 

power level or reduce the SOC, the PV inverters’ built-

in P(f) function is used. This function reduces 

proportionally the PV power generated according to the 

frequency, which is controlled by the BESS. As soon as 

the frequency of the micro-grid exceeds the value of 

50.2 Hz, the reduction of P(f) function is activated. 

 

Figure 17 - P(f) curve 
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Figure 16 - Sensors and network analyzer 
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The goal of self-consumption is to charge and discharge batteries according to the ratio 

between consumption and renewables sources production. 

It means that self-consumption function can be summarized by: 

 Renewable production > Load consumption  battery charging. 
 Renewable production < Load consumption  battery discharging. 

 

Self-consumption has to be based on grid measurements but renewable generation must also 

be monitored. 

Due to prefect and administration refusal PV panels were not installed, this function was 

only tested at Concept Grid in laboratory conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.4.8 Interaction mode between two energy storage systems 

 

The interaction between two storage systems during islanding operation, distant from each 

other and regularly communicating together4 for optimum control of the batteries, was 

designed according to a protocol defined in collaboration with ENEDIS and ENGIE. The 

strategy is to maximise the use of the GFU and to consider the GSU as a support when the 

GFU reaches its defined limits in terms of SOC and power. 

 

                                            

4 In the project, information were exchanged every 10 seconds between the two BESS 

 

Figure 18 – self consumption 
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Figure 19 - Control architecture 

 

The priority of the GFU (ENEDIS) is to the supply the two islands in case of islanding. The 

GSU (ENGIE) is injecting energy into the grid to maximize the islanding duration. 

The islanding test is done on request only when production / consumption are compatible. 

The control of the GSU by the GFU will be established without any additional communication 

cable. The communication is done through GSM modems. 

 

The SOCOMEC BESS provides to the cloud all the measurements, alarms, SoC and status, from 

GFU and data recovered from the GSU. The control room can recover the data on request. 

The same GSM communication channel is used for the peer to peer communication and BESS 

to cloud communication. 

 

GFU 

In on-grid mode the GFU is controlled by ENGIE which maximize the value that can be 

extracted on different value pockets. ENGIE remotely controls through GSM this asset, 

consistently with the constraints that are set by the contract. ENGIE must ensure that the 

storage is always available at least at 50% of its maximum capacity. 

In off-grid mode, the start of islanding mode is given by ENEDIS thanks to a dry contact. 

The “start of islanding” signal shall be transmitted by the GSM communication  to the GSU. 

 

Once the CBG Medium voltage breaker is open, the GFU generates the voltage and frequency 

of the grid.  

 

The GFU provides to the GSU its set points (charge or discharge power which can be 

modulated).  

 

The GFU sends its SoC, charge or discharge current limits and the AC active power in kW into 

the cloud. The islanding is possible only if the total load is below 250 kVA. It is to be noted 

that no automation will limit the islanding power (no automated DSM or predictive load 

control - the BESS cannot disconnect specific loads); the management shall be done 

manually. 

 

During the meantime, the power management is done by the P(f) and Q(U) curves, the 

voltage and frequency protection or BESS overload protection remains active. 
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Production > Consumption 1st: Charge the GFU up to SoC premax 

2nd: Charge the GSU to the maximum 

3rd: Reduce the production 

Production = Consumption Stand alone, keep the same SoC 

Small hysteresis variations 

Production < Consumption 1st: Discharge the GFU up to SoC premin 

2nd: Discharge the GSU to the minimum 

3rd: islanding will be Stopped when the SoC reached 

SoC min. 

 

At any moment, ENEDIS’ control room can remotely stop the islanding. 

 

DISCHARGE: Consumption > production 

The GFU discharges its battery until the SoC 

achieves a first threshold (SoC premin). At that 

level, the contribution request is sent to the 

GSU and an alarm is set as soon as the power 

consumption is above the capability of the 

GFU. If the GFU has no more energy in its 

battery, it will not be able to sustain the global 

load.  

 

 

CHARGE Consumption < production 

The GFU charges its battery until the SoC 

achieves a first threshold (SoC premax). At that 

level the contribution request is sent to the GSU. 

The GSU will charge its battery until it reaches 

the SoC Max level. During this phase, the GFU will 

work as voltage generator absorbing or delivering 

power. If the PVs generate too much power, the 

GFU shall increase its frequency in order to 

reduce the PV production not to reach the SoC 

max threshold.  

 

The GFU requests the GSU to deliver an amount of power during a specified time (energy). 

The time can be defined at 15, 30 or 60 minutes, the power is fixed for the specified 

duration.  

The islanding is disabled when the GFU has a SoC lower than or equal to 20%. 

The GFU shall request help to the GSU when the GSU’s SoC: 

 Is lower or equal to 35% (SoC premin) and consumption is higher than the production 

 Is higher or equal to 85% (SoC premax) and the consumption is lower than the 

production. 

The power, time and SoC premin and premax values and SOC functioning limits shall be 

settable by the customer. 

 

Figure 20 - Discharge sequence 

Figure 21 - Charge sequence 
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GSU 

In on-grid mode the GSU will be controlled by the EMS from ENGIE or directly by an ENGIE 

operator. ENGIE control strategy aims at maximizing the value that can be extracted from 

the storage. ENGIE has no commitment toward ENEDIS regarding the availability of its storage 

as GSU. Therefore, the optimization do not consider any SoC constraints. 

ENGIE developed a tool to collect the data, compute the best charge/discharge program and 

send orders to the storage management system. 

 

In off-grid mode the GSU is controlled by the GFU and contributes to increase the backup 

time and grid stability. In order to avoid lifetime reduction, not more than two complete 

cycles (2 charges/day and 2 discharges/day) shall be requested to the GSU by the GFU in 24 

hours. 

 

The GFU provides to the GSU the information of islanding start and stop. The GSU has to 

switch its operating mode automatically from ENGIE EMS to GFU. The GSU adjusts its power 

in regard to the set point provided by the GFU (charge or discharge power).  

 

The GSU will support the islanding as requested by the GFU until: 

o SoC is above 30%. 

o Soc is below 90% 

o The communication is not interrupted. 

 

The GSU sends its SoC, charge or discharge current limits and the AC active power in kW into 

the cloud and to GFU every time it changes. 

 

As soon as the GSM communication with the GFU is interrupted for more than 30 minutes 

(time has to be a setting parameter), an alarm is set, the GSU continues to deliver the 

required power, the power management will be done by the P(f) and Q(U) curves, the voltage 

and frequency protection or BESS overload protection shall remain active. 

 

1. Antenna. 
2. 3G Modem. 

 

 

Figure 22 - Wireless Communication devices 
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2.2.4.9 Data measurement and monitoring 

 

To analyse the micro-grid behaviour, the BESS 

includes an innovative measurement system for 

multi-circuit electrical installations. This system 

measures several data on the AC low voltage 

network such as frequency, voltages (phase to 

phase and phase to neutral), currents, powers 

(active, reactive, apparent), power factor and 

phases unbalance. 

Such equipment is present in each 3 MV/LV 

substations (named ‘Prison’, ‘Incinération’ and 

‘Grand Jardin’).  

The equipments and their functionnalities are the 

followings : 

1. Measurement display for data collection, serial communication and display “D70”. 
2. For current measurements the “I35” Digiware (from the Energy efficiency division of 

SOCOMEC).  
3. For voltage measurements the “U30” Digiware (from the Energy efficiency division of 

SOCOMEC). 
4. The “C31” for serial communication ModBus RTU RS485 without “D70” device (only at 

Guérite). 
5. Modem and Antenna for GSM 3G telecommunication between the equipment and the 

cloud. 
 

 

Figure 24 - Energy measurement box 

 

 All collected data are transmitted to an IoT platform hosted in the cloud, in order to enable 

ENEDIS to do a continuous monitoring of the grid evolution. 

The main features proposed by this online application: 

 Map and alarms 
 Measurement of the last values 

1
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3 

Figure 23 - Energy measurement devices 
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 Historical data 
 Data export to an excel file 
 Alarms for device communication faults 

 

 

 

Figure 25 - Energy measurement interface 

Remote BESS control with predefined patterns 

In order to optimize the SoC for multiservice implementation (Use Case #2) the remote BESS 

control was developed. The aim is to drive the power of the BESS in regard to the time. 

ENGIE recovers the data from the cloud (power, SoC) and defines the load profile for the 

next coming hours. This profile is downloaded in a tool or application located in the cloud, 

which will send to the BESS the set points on regular time bases in order to follow the load 

profile predefined by ENGIE. This function enables ENGIE to simulate a self-consumption 

system into Nice Smart Valley. 

2.2.4.10 Implementation and specification of telecommunication devices 

To be able to exchange data information with the customer and to control the different 

devices on the island we had to implement two categories of communication: 

1. Hard real time (information exchange in less than one second). This link is dedicated to 

the control of the islanding switch and the measurement done near the coupling device 

to control the synchronization.  

2. Soft real time with lower communication constraints (response time greater than 1 

second). This link is used to gather measurement data on several MV/LV transformer 

substations installed on the island and to implement the control of the different 

converters on the microgrid in case of islanding. 

Hard time communication 

For the hard real time communication a serial industrial RS485 link has been used. Socomec 

uses this technology for many years. Two different links were used for the communication: 

- between the measurement device concentrator and the IP gateway (D70) 

- between the islanding control board and the PLC.  
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Figure 26 - RS485 cable topology 

On each link only 2 devices must be connected. This is less than the 32 devices allowed on 

an RS485 bus. Due to the cable length, the terminal resistors will be set up. 

The distance between the devices is about 700m. The following figure shows that a baudrate 

of more than 100kbit/s can be used. 

 

Figure 27 - Cable length and baudrate limits 

The cable shall be a telecommunication shielded twisted pair cable for the data+ and data- 

wires. The common wire shall also be connected on both sides. 

Soft real time communication 

In order not to have to add cables between the different devices and to have a limited 

bandwidth we decides to use radio communication.  

Different radio communication means have been studied. 

Table 1 - Studied means of communication 

Type Advantages Drawbacks Comments 

GSM(3G,4G) 
Easy to implement 

 

Public network (security) 
Information flows through 

operator data centers 
Push model 

What about latency? 
Depends on operator  signal 

coverage  

Based on M2M 
communication 
Telecom operator 
(900 or 1800 MHz) 

LoRaWAN 

Good reach in external 
conditions but depends on 

operator base station location 

 

Public network (security) 
Depends on operator 

coverage 

Low throughput 
Information flows through 

operator data centers 
High latency 

Needs development 

Based on operator 
(Bouygues or 

Orange), (Open 
band 868 MHz) 
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LoRa private 

Private network (security) 
Good reach in external 

conditions and not directional 
(not a beam) 

 

Low throughput 
Complex implementation 

==> 
Needs development 
Needs infrastructure: 

gateway et network server 
 

Based on station 
and private 

network server 
(Open band 868 

MHz) 

LoRa Peer to 

peer 

 

Private network (security) 

Good reach in external 

conditions and not directional 

(not a beam) 

No gateway 

Can be used in all countries 

without operator constraints 

Very low cost 

Needs development 

Integration of a LoRa 

module on our present 

boards. 

Only peer to peer not a 

broad solution. 

 

Based on station 
and private 

network server 
(Open band 868 

MHz) 

Radio (radio IP) 

Easy to implement 
Private network (security) 

Network and IP technologies 
Very low latency and high 

throughput 
(> 100Mps) 

Directional beam (needs a 
good alignment and well 

situated antennas) 
What about meteorological 

conditions? 

Peer to peer 
connection of IP 
networks through 

radio bridges 
(2,4GHz, 4,8GHz 

or other) 

 

The LoRa has a low throughput meaning longer latency and the data volume is also low. It 

will not suit DEMO’s needs. The radio technology is also complex to implement except for a 

peer to peer communication.  

3G or 4G are a technology of common use. The information bandwidth could allow us to send 

often data and the number of data exchanged are not limited (the price will vary according 

to the data volume). The infrastructure exists and with commercial modems, thus, the set-

up is quite simple and does not require an important development effort.  

Socomec has used a public Ethernet link dedicated to the customer connection and will add 

a 3G or 4G modem. 

The modem and its antenna technology shall allow us to reach at least the good level in the 

table below. Some of these values are given by the modem diagnostic tables.  

 

 

Figure 28 - 3 and 4G signal quality 
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2.3 Islanding Value 

A study has shown that the upper bound value of a system on Lérins islands, able to island 

for 1 day at any moment does not exceed 2.259€/year (see D9.4 §1.2.1 for more details). 

The upper bound value of the system installed during Nice Smart Valley is 410€/year. 

These relatively low values can be explained by: 

- The low probability of occurrence of the considered incident (0.1/year at the 

maximum in the literature).  

- The maximum stored energy in both storage systems is at 894 kWh (620 kWh + 

274 kWh).  

It is to be noted that even with a valuation at the undistributed energy ratio used in ENEDIS’ 

planning study (9200€/MWh), the yearly value is relatively small. 

One could ask what contribution a local flexibility system would generate, for example, by 

imagining a system managing electricity demand. A distinction can be made between two 

cases: a reduction in the maximum power demand and load shedding of non-critical uses 

having a low utilization value. This point has not been dealt with in Nice Smart Valley but 

could offer prospects that it would be worthwhile examining in the future. That would 

reflect different electricity utilization values and could avoid unnecessary backup costs by 

sizing the islanding system considering the load shedding of part of the two islands' 

consumption. 

 

2.4 Technical results 

2.4.1 Curves and analysis 

During the experimentation many curves have been saved. This document is a synthesis of 

the most important ones. Several sensors were put in place on different users, they are able 

to push data on Socomec’s servers. These data can be read later through different 

interfaces. In a first step we did islanding test without recording the values but checking 

them roughly. In a second step we put in place the infrastructure to harvest the data and 

log them.  
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Figure 29 - BESS positions and measurement points 

We installed voltage and current sensors in the Low Voltage distribution as usual and also on 

the Medium Voltage switch in order to control the consumption of the island. We had to 

define the right sensors in order to have a good resolution and control well the islanding 

sequence after the test we made in EDF RED Laboratory. 

The average measurements are taken every 10 min, in this document we will present only 

the most representative values of the KPIs. All sampled or computed values are available as 

raw data in different files or on the Socomec servers.  

The aim of this function is to anticipate potential grid disturbances both at the high voltage 

level and at the low voltage level and also some other external events (weather conditions 

like: thunderstorm, Grid operations …). 

In NSV the islanding sequences were realized according to Enedis requirements. This led to 

the possibility to island with no local blackout for customers. We used the NSV installation 

to prepare the future. The aim is to switch in islanding mode before voltage disturbances 

occur and deliver to the customer loads a high quality power without any voltage cut which 

could affect sensitive loads. The input requested for the function will be provided by voltage 

measurements at the low voltage level of the grid. The system will record and store all the 

measurement in the SOCOMEC cloud. The present document is a theoretical study which 

analyses the data in the cloud in order to estimate if an unforeseen or anticipated islanding 

would have been efficient. 

To do that we need a control system that is able to detect the conditions leading to a 

potential outage. First a collection of recording are constituted in order to define the proper 

algorithm for achieving this functionality. A Socomec DIRIS Q800 network analyzer is 

installed. Based on EN 50160, it has recorded voltages and currents each time that the 

network conditions are degraded. It has acquired instantaneous samples and calculated their 

RMS values, frequency, direct, inverse and zero components (or positive, negative and 

homopolar components), THD, harmonics, etc. Recorded data are stored locally and/or in 

the SOCOMEC cloud. The network analyzer records an amount of data should allow us to 

realize an algorithm able to predict an outage. 

  

ENGIE (BESS) 

Prison 

ENEDIS (BESS) 

Grand Jardin 

Medium Voltage 
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2.4.2 KPI Definitions 

French demo KPIs 

Table 2 – French demo KPIs 

KPI 1 Voltage deviation during islanding 

KPI Formula 

  100% 



set

sett

I
V

VV
V   

(Measurement and calculation every 10 min). 
 
Where: 
 

-  %IV  is the voltage deviation during islanding 

- tV  is the average magnitude of the voltage at time t (one measurement 

every 10 minutes according to EN 50160) 

- setV  is the MV/LV transformer voltage set point 

Expectations 
Enedis - 

  %10% IV
, 95% of the time 

 

KPI 2 Frequency deviation 

KPI Formula 

  100% 



set

nt

I
f

ff
f  

(Measurement of the average frequency over 10 seconds). 
 
Where: 
 

-  %If  is the frequency deviation during islanding 

- tf  is the measurement of the frequency for each time step t 

- setf  is the set frequency value of the grid forming unit (50 Hz) 

Expectations 

Enedis - %150 , 95% of the time 

%6/%450  , 100% of the time 
f shall be measured every 10s 

 

 

KPI 3 Total harmonic distorsion 

KPI Formula 

 
 

100%
1

40

2

2


 

U

U
THD

h h

 

Where: 
 

-  %THD  is the total harmonic distortion 

- hU  is the RMS value f the hth harmonic (n=1 is the fundamental) 
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Expectations 
Enedis - 

  %8% THD
 

 

KPI 4 Voltage unbalance 

KPI Formula 

  100% 
p

n

V

V
VUF  

Where: 
 

- nV is the negative sequence voltage component 

- 
pV  is the positive sequence voltage component 

 
The positive and negative sequence voltage components are obtained by 
resolving three phase unbalanced line voltages Vab, Vbc and Vca. The 
two balanced components are given by 
 
















3

3
2

2

cabcab
n

cabcab
p

VaVaV
V

VaVaV
V

 

 

Where  1201a and  24012a . 

Expectations 
Enedis – 

  %2% VUF
 

 

KPI 5 Total islanding duration 

KPI Formula 

𝐷𝑡𝑜𝑡 = ∑𝐷𝑖

𝑁

𝑖=1

 

Where: 
 

- N is the number of islanding performed 
- Di is the duration of the islanding #i 

Expectations 𝐷𝑡𝑜𝑡 > 10 ℎ𝑜𝑢𝑟𝑠 
 

KPI 6 Duration of avoided blackout for customers 

KPI Formula 

𝐴𝐵𝑂 = ∑𝐴𝐵𝑂𝑖

𝑁

𝑖=1

 

Where: 
 

- ABO is the total duration of avoided blackout for customers. 
- N is the number of islanding performed. 
- ABOi is the duration of avoided blackout for customers, for the islanding 

#i. 

Expectations No expectation defined in the D9.1. 
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KPI 7 Fraction of consumers / producers actively taking part in the islanding test 

KPI Formula 

𝐴𝐵𝑂𝑡𝑜𝑡 =
∑ 𝑁𝑎𝑐𝑡𝑖𝑣𝑒 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠

𝑁
𝑖=1

∑ 𝑁𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠
𝑁
𝑖=1

 

Where: 
 

- ABOtot is the fraction of consumers / producters actively taking part in 
the islanding test. 

- N is the number of islanding performed. 
- Nactive customers is the number of active customers taking part in the 

islanding test. 
- Ncustomers is the number of customers into the islanding microgrid (i.e. 

56). 

Expectations No expectation defined in the D9.1. 

 

KPI 8 Total energy lost had the blackouts occurred 

KPI Formula 

𝐸𝐵𝑂 = ∑𝐸𝐵𝑂𝑖

𝑁

𝑖=1

 

Where: 
 

- EBO is the total energy lost had the blackouts occurred for local 
customers. 

- EBOi is the energy lost had the blackouts occurred for local customers 
for islanding #i. 

- N is the number of islanding performed. 

Expectations No expectation defined in the D9.1. 
 

KPI 9 Number of successful islanding maneuvers 

KPI Formula 

𝐼𝑀𝑠𝑢𝑐𝑐−𝑡𝑜𝑡 = ∑ 𝐼𝑀𝑠𝑢𝑐𝑐−𝑖

𝑁

𝑖=1

 

Where: 
 

- IMsucc-tot is the number of successful islanding maneuvers. 
- IMsucc-i is the successful state (0=failed or 1=successful) of the islanding 

#i. Here successful means that a blackout has been avoided for clients 
into the microgrid. 

- N is the number of islanding performed. 

Expectations No expectation defined in the D9.1. 

 

KPI 10 Total number of islanding maneuvers 

KPI Formula The total number of islanding maneuver attempts over one year. 

Expectations No expectation defined in the D9.1. 
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EU KPIs related to islanding (D2.5 reminder) 

KPI 11 Islanding duration 

KPI Formula 

Icapacity =
∑ Disl

∑ Dreq
× 100 

Where: 
 

Icapacity The capacity of demo’s islanding to last as long as 
required (in %). 

Disl The duration of a single islanding. 

Dreq The required duration of an islanding, after an 
intentional or unintentional disconnection from the grid. 

 

Expectations ENEDIS – 100% 

 

KPI 12 Energy distributed thanks to islanding 

KPI Formula 

𝐸𝑛𝑒𝑟𝑔𝑦𝐼𝑠𝑙𝑎𝑛𝑑𝑒𝑑
𝐸𝑈𝑅

= 𝑅 × ∑∫ 𝑃𝐿𝐶𝑖(𝑡) × 𝑑𝑡
𝑇𝑒𝑛𝑑

𝑇𝑠𝑡𝑎𝑟𝑡

𝑁

𝑖=1

 

Where: 
 

EnergyIslanded The energy distributed in islanding mode 

PLC (t) The load curve of the islanded grid 

Tstart The beginning of the islanding 

Tend The end of the islanding 

N The number of islanding trials 

R The ratio €/MWh used in planning tools by the 
DSO 

 

Expectations ≥ 30 000€ 

 

2.4.3 KPI Results 

2.4.3.1 Islanding tests 

We did four islanding sequences the 4 September 2019. The island consumption was about 

150kW / 200 kVA. A first test was short about 15 min the following three lasted 30 min each. 

Between the tests, we charged the battery at 100 / 150 kW.  
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Figure 30 - Power consumption at the BESS Déchetterie (GFU) 

The power needed on the island is delivered by the converters respecting a slow active and 

reactive power ramp, the aim is to cancel the power (active and reactive) at the Medium 

Voltage breaker measurement point. Once the MV breaker opened, the voltage decreases 

from 245 V to 230 V when supplied by the BESS.Red voltage: 100 V/div; Blue current 400 

A/div (1000 A/V); Time 5 s/div 

 

Figure 31 - Islanding start sequence 

The end of islanding sequence is faster, the converter synchronizes the MV voltage at the 

island side of the MV grid breaker to the MV voltage at the Cannes side and once the MV grid 

breaker is closed, the PCS stops and starts to work in On Grid mode.  

Power 

ramp 

Open islanding 

switch 

Generate nominal 

voltage 
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Red voltage: 100 V/div; Blue current 400 A/div (1000 A/V); time 5s/div

 

Figure 32 - Islanding stop sequence 

 

Figure 33 - Islanding stop sequence zoom 1 

 

The converter and grid are synchronized, the MV breaker is closed. The converter current 

becomes slightly higher but has no incidence on the voltage. 

 

Voltage and phase 

synchronisation 

Islanding switch 

closed 

On grid 

mode 

zoom 1 

zoom 2 
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Figure 34 - Islanding stop sequence zoom 2 

The sequence is finished, the converter stops and restarts in ON grid mode, it charges the 

battery because the active power setpoint was set to 100kW charging. 

2.4.3.2 KPIs 1 to 4 

The nominal values taken as reference are: 

Table 3 – The nominal reference values 

Medium Voltage nominal voltage 10000 V 

Low Voltage nominal voltage 400 V 

Nominal frequency 50 Hz 

 

2019 09 04 

Table 4 - Before islanding 2019.09.04 at 4:25 

Measurement 

 

Max or 

min 

Voltage 

KPI1 

Voltage 

deviation 

KPI2 

Frequency 

max value 

KPI2 

Frequency 

min value 

KPI3 

THD U 

max 

KPI4 

Voltage 

unbalance 

Medium 

Voltage 
10668V 6,46% 50,04Hz 50,02Hz 0,94% 0,28% 

ENEDIS BESS 420V 5,13%   - 0,27% 

Engie BESS 424V 5,69%   - 0,23% 

Prison 422V 5,67%   - 0,35% 

Grand Jardin 421V 5,45%   - 0,22% 
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Table 5 - During Islanding 2019 09 04 from 5:30 to 6:00 

Measurement 

 

Max or 

min 

Voltage 

KPI1 

Voltage 

deviation 

KPI2 

Frequency 

max value 

KPI2 

Frequency 

min value 

KPI3 

THD U 

max 

KPI4 

Voltage 

unbalance 

Medium 

Voltage 
9620V -3,80% 50,03Hz 49,98Hz   

ENEDIS BESS 381V -4,75%   - 0,2% 

Engie BESS 376V -5,61%   - 0,33% 

Prison 377V -5,71%   0,91% 0,42% 

Grand Jardin 375V -6,04%   - 0,45% 

 

Table 6 - During Islanding 2019 09 04 at 6:25 

Measurement 

 

Max or 

min 

Voltage 

KPI1 

Voltage 

deviation 

KPI2 

Frequency 

max value 

KPI2 

Frequency 

min value 

KPI3 

THD U 

max 

KPI4 

Voltage 

unbalance 

Medium 

Voltage 
9595V -4,05% 50,01Hz 49,97Hz   

ENEDIS BESS 380V -5,18%   - 0,32% 

Engie BESS 375V -6,09%   - 0,40% 

Prison 376V -6,10%   1,23% 0,39% 

Grand Jardin 374V -6,35%   - 0,35% 

  

Table 7 - During Islanding 2019 09 04 from 7:00 to 7:30 

Measurement 

 

Max or 

min 

Voltage 

KPI1 

Voltage 

deviation 

KPI2 

Frequency 

max value 

KPI2 

Frequency 

min value 

KPI3 

THD U 

max 

KPI4 

Voltage 

unbalance 

Medium 

Voltage 
9590V -4,10% 50,02Hz 49,97Hz   

ENEDIS BESS 380V -4,53%   - 0,35% 

Engie BESS 374V -5,44%   - 1,12% 

Prison 377V -5,29%   1,53% 0,7% 

Grand Jardin 376V -5,57%   - 0,61% 
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2019 09 05 

SOCOMEC added new measurements in the cloud storage in order to be able to log the 

different KPIs. 

Table 8 - Before Islanding 2019 09 05 at 4:30 

Measurement 

 

Max or 

min 

Voltage 

KPI1 

Voltage 

deviation 

KPI2 

Frequency 

max value 

KPI2 

Frequency 

min value 

KPI3 

THD U 

max 

KPI4 

Voltage 

unbalance 

Medium 

Voltage 
10849V 8,21% 50,01Hz 49,99Hz 1,24% 0,26% 

ENEDIS BESS 430V 7,38%    0,28% 

Engie BESS 425V 6,01%   1,47% 0,29% 

Prison 431V 7,43%   1,30% 0,41% 

Grand Jardin 430V 7,36%    0,22% 

 

 

Table 9 - During Islanding 2019 09 05 from 6:45 to 7:15 

Measurement 

 

Max or 

min 

Voltage 

KPI1 

Voltage 

deviation 

KPI2 

Frequency 

max value 

KPI2 

Frequency 

min value 

KPI3 

THD U 

max 

KPI4 

Voltage 

unbalance 

Medium 

Voltage 
9645V -3,75% 50,03Hz 49,96Hz   

ENEDIS BESS 382V -4,08%    0,34% 

Engie BESS 378V -4,97%   1,75% 0,6% 

Prison 377V -4,96%   1,07% 0,71% 

Grand Jardin 376V -5,24%    0,68% 

 

2019 10 09 

Table 10 - Before Islanding 2019 10 09 at 5:00 

Measurement 

 

Max or 

min 

Voltage 

KPI1 

Voltage 

deviation 

KPI2 

Frequency 

max value 

KPI2 

Frequency 

min value 

KPI3 

THD U 

max 

KPI4 

Voltage 

unbalance 

Medium 

Voltage 
10664V 6,41% 50,02Hz 49,98 Hz 0,83% 0,31% 

ENEDIS BESS 423V 5,53%   1,08% 0,24% 
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Engie BESS 424V 5,64%   1,04% 0,30% 

Prison 423V 5,61%   0,98% 0,37% 

Grand Jardin 424V 5,64%    0,28% 

 

Table 11 - During Islanding 2019 10 09 from 6:40 to 7:57 

Measurement 

 

Max or 

min 

Voltage 

KPI1 

Voltage 

deviation 

KPI2 

Frequency 

max value 

KPI2 

Frequency 

min value 

KPI3 

THD U 

max 

KPI4 

Voltage 

unbalance 

Medium 

Voltage 
9743V -2,57% 50,03Hz 49,95Hz   

ENEDIS BESS 386V -3,0%   1,75% 0,57% 

Engie BESS 380V -4,35%   1,79% 0,77% 

Prison 383V -3,5%   1,78% 0,70% 

Grand Jardin 383V -3,9%    0,36% 

 

2019 10 10  

Table 12 - Before Islanding 2019 10 10 at 4:40 

Measurement 

 

Max or 

min 

Voltage 

KPI1 

Voltage 

deviation 

KPI2 

Frequency 

max value 

KPI2 

Frequency 

min value 

KPI3 

THD U 

max 

KPI4 

Voltage 

unbalance 

Medium 

Voltage 
10674V 6,7% 50,02Hz 49,99Hz 0,93% 0,24% 

ENEDIS BESS 423V 5,6%   1,08% 0,2% 

Engie BESS 423V 5,5%   0,99% 0,23% 

Prison 424V 5,7%   0,96% 0,33% 

Grand Jardin 423V 5,7%    0,24% 

 

Table 13 - During Islanding 2019 10 10 from 5:10 to 7:50 duration 2:40 

Measurement 

 

Max or 

min 

Voltage 

KPI1 

Voltage 

deviation 

KPI2 

Frequency 

max value 

KPI2 

Frequency 

min value 

KPI3 

THD U 

max 

KPI4 

Voltage 

unbalance 

Medium 

Voltage 
9793V -2,07% 50,03Hz 49,96Hz   

ENEDIS BESS 388V -2,7%   1,56% 0,52% 
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Engie BESS 391V -2,15%   1,92% 0,12% 

Prison 385V -3,7%   1,91% 0,17% 

Grand Jardin 384V -3,7%    0,42% 

 

2019 10 11  

Table 14 - Before Islanding 2019 10 11 at 4:40 

Measurement 

 

Max or 

min 

Voltage 

KPI1 

Voltage 

deviation 

KPI2 

Frequency 

max value 

KPI2 

Frequency 

min value 

KPI3 

THD U 

max 

KPI4 

Voltage 

unbalance 

Medium 

Voltage 
10756V 7,5% 50,01Hz 49,99Hz 0,98% 0,21% 

ENEDIS BESS 426V 6,4%   1,12% 0,24% 

Engie BESS 428V 6,8%   1,02% 0,31% 

Prison 428V 6,6%   2,09% 0,36% 

Grand Jardin 427V 6,7%    0,23% 

 

Table 15 - During Islanding 2019 10 11 from 5:00 to 8:55 duration 3:55 

Measurement 

 

Max or 

min 

Voltage 

KPI1 

Voltage 

deviation 

KPI2 

Frequency 

max value 

KPI2 

Frequency 

min value 

KPI3 

THD U 

max 

KPI4 

Voltage 

unbalance 

Medium 

Voltage 
9764V -2,36% 50,03Hz 49,97Hz   

ENEDIS BESS 387V -2,8%   1,75% 0,17% 

Engie BESS 385V -3,4%   2,03% 1,94% 

Prison 386V -3,3%   2,05% 0,17% 

Grand Jardin 385V -3,4%    0,28% 

 

2019 11 12  

Table 16 - Before Islanding 2019 11 12 at 8:00 

Measurement 

 
Max or 

min 
Voltage 

KPI1 
Voltage 

deviation 

KPI2 
Frequency 
max value 

KPI2 
Frequency 
min value 

KPI3 
THD U 
max 

KPI4 
Voltage 

unbalance 

Medium 
Voltage 

10733V 6,90% 50,03Hz 49,97Hz 1,44% 0,57% 

ENEDIS BESS 422,5V 5,95%   1,57% 0,52% 

Engie BESS 423V 6,13%   1,22% 0,47% 



D9.3 Demonstration results based on the KPI measurements  
and lessons learnt from the demonstrations 

InterFlex – GA n°731289  Page 61 

 

Prison 420,5V 5,67%   2,58% 0,9% 
Grand Jardin 420,3V 5,59%    0,49% 

 

Table 17 - During Islanding 2019 11 12 from 8:55 to  11:15 duration 2:20 

Measurement 

 
Max or 

min 
Voltage 

KPI1 
Voltage 

deviation 

KPI2 
Frequency 
max value 

KPI2 
Frequency 
min value 

KPI3 
THD U 
max 

KPI4 
Voltage 

unbalance 

Medium 
Voltage 

9613V -3,9% 50,06Hz 49,83Hz   

ENEDIS BESS 381V -4,4%   1,58% 0,33% 

Engie BESS 385V -3,6%   2,16% 0,38% 
Prison 377,8V -5,12%   1,86% 0,64% 

Grand Jardin 380V -5,1%    0,74% 

 

Table 18 - During Islanding 2019 11 12 from 13:55 to 15:25 duration 1:30 

Measurement 

 
Max or 

min 
Voltage 

KPI1 
Voltage 

deviation 

KPI2 
Frequency 
max value 

KPI2 
Frequency 
min value 

KPI3 
THD U 
max 

KPI4 
Voltage 

unbalance 

Medium 
Voltage 

9562V -4,4% 50,03Hz 48,83Hz   

ENEDIS BESS 379,5V -4,8%   1,77% 1,06% 
Engie BESS 375V -5,64%   1,96% 1,2% 

Prison 375V -5,69%   1,89% 1,1% 

Grand Jardin 375V -5,58%    1,15% 
 

2019 11 13  

Table 19 - Before Islanding 2019 11 13 at 8:20 

Measurement 

 
Max or 

min 
Voltage 

KPI1 
Voltage 

deviation 

KPI2 
Frequency 
max value 

KPI2 
Frequency 
min value 

KPI3 
THD U 
max 

KPI4 
Voltage 

unbalance 

Medium 
Voltage 

10705V 6,70% 50,02Hz 49,97Hz 1,16% 0,51% 

ENEDIS BESS 425V 5,86%   
1,44% 

 
0,58% 

Engie BESS 422V 5,91%   1,35% 0,49% 
Prison 422V 6,06%   1,25% 0,9% 

Grand Jardin 422V 6,02%    0,51% 

 

Table 20 - During Islanding 2019 11 13 from 8:40 to 11:10 duration 2:30 

Measurement 

 
Max or 

min 
Voltage 

KPI1 
Voltage 

deviation 

KPI2 
Frequency 
max value 

KPI2 
Frequency 
min value 

KPI3 
THD U 
max 

KPI4 
Voltage 

unbalance 

Medium 
Voltage 

9638V -3,62% 50,01Hz 49,83Hz   
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ENEDIS BESS 382V -3,95%   1,86% 0,86% 
Engie BESS 378,5V -4,91%   2,61% 1,25% 

Prison 379V -4,73%   2,12% 1,24% 

Grand Jardin 379V -4,76%    0,96% 
 

Table 21 - During Islanding 2019 11 13 from 8:40 to 11:10 duration 2:30 

Measurement 

 
Max or 

min 
Voltage 

KPI1 
Voltage 

deviation 

KPI2 
Frequency 
max value 

KPI2 
Frequency 
min value 

KPI3 
THD U 
max 

KPI4 
Voltage 

unbalance 

Medium 
Voltage 

9590V -4,10% 50,02Hz 49,82Hz   

ENEDIS BESS 380V -4,79%   1,46% 1,23% 

Engie BESS 373V -5,64%   2,38% 1,48% 

Prison 373V -5,57%   1,92% 1,42% 
Grand Jardin 380V -4,82%    1,37% 

 

Table 22 - During Islanding 2019 11 13 from 17:55 to 20:40 duration 2:45 

Measurement 

 
Max or 

min 
Voltage 

KPI1 
Voltage 

deviation 

KPI2 
Frequency 
max value 

KPI2 
Frequency 
min value 

KPI3 
THD U 
max 

KPI4 
Voltage 

unbalance 

Medium 
Voltage 

9668V -3,32% 50,00Hz 49,84Hz   

ENEDIS BESS 383V -3,92%   1,57% 0,68% 

Engie BESS 379V -4,71%   1,94% 0,92% 
Prison 378V -5,1%   1,99% 0,72% 

Grand Jardin 379V -5%    0,5% 

 

2019 11 14 

Table 23 - Before Islanding 2019 11 14 at 8:20 

Measurement 

 
Max or 

min 
Voltage 

KPI1 
Voltage 

deviation 

KPI2 
Frequency 
max value 

KPI2 
Frequency 
min value 

KPI3 
THD U 
max 

KPI4 
Voltage 

unbalance 

Medium 
Voltage 

10728V 7,04% 50,04Hz 49,95Hz 1,21% 0,47% 

ENEDIS BESS 428V 6,39%   1,32% 0,64% 
Engie BESS 426V 6,11%   1,33% 0,5% 

Prison 428V 6,34%   1,33% 0,97% 

Grand Jardin 428V 6,47%    0,57% 
 

Table 24 - During Islanding 2019 11 14 from 8:20 to 10:35 duration 2:15 

Measurement 

 
Max or 

min 
Voltage 

KPI1 
Voltage 

deviation 

KPI2 
Frequency 
max value 

KPI2 
Frequency 
min value 

KPI3 
THD U 
max 

KPI4 
Voltage 

unbalance 
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Medium 
Voltage 

9613V -3,87% 50,01Hz 49,82Hz   

ENEDIS BESS 381V -4,51%   1,66% 0,45% 

Engie BESS 376V -5,55%   2,52% 0,59% 
Prison 377V -5,44%   2,11% 0,58% 

Grand Jardin 377V -5,46%    0,51% 

 

 

 

 

 

 

 

2.4.3.3 KPIs from 5 to 10 

The results of the KPIs from 5 to 10 are displayed in the following table.  

Table 25 - The results of the KPIs from 5 to 10 

ID Name Expectations Results 

5 Total islanding duration >10 hours 26h 35min 

6 Duration of avoided blackout for customers / 26h 35min 

7 
Fraction of consumers/producers actively taking 
part in the islanding test 

/ N/A 

8 Total energy lost had the blackouts occurred / 3.9 MWh 

9 Number of successful islanding maneuvers / 18 

10 Total number of islanding maneuvers / 18 

 

Note that the KPI #7 is non-applicable here as no flexibility was contracted for islanding 

purpose. 

2.4.3.4 EU KPIs 11 and 12 (D2.5 reminder) 

ID Name Expectations Results 

11 Islanding duration 100% 100% 

12 Energy distributed thanks to islanding €30,000 €35,986 

 

2.4.3.5 KPI conclusion 

The KPIs of the voltage quality limits are respected: 
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- The voltage deviation was the worth KPI but always lower than the limit of 10%. 

Modifying the transformer connection point and/or the converter nominal voltage, we 

would have had less voltage deviation at the user side.  

- The frequency is stable during the islanding phases thanks to the static converters 

technology, the frequency varies less than 0.2%.  

- The voltage distortion was slightly higher during islanding versus grid supply but with 

less than 3% we are far from the limit of 8%.  

- The voltage unbalance is also under the limits (<2%) but this KPI is almost linked to the 

loads and the cable impedance. 

The general KPIs (FR and EU) are also respected: 

- The real islanding duration exceeded the expectations with 26h 35 min of islanding. 

- The total energy injected by the storage 

systems during the islanding reached 3.9 MWh 

which can be valorized at €35,896 using French 

national planning criteria. 

- Every islanding maneuvers was successful 

(successful rate at 18/18 = 100%). 

2.4.4 Curve analysis 

2.4.4.1 Definitions 

The curve analysis is based on the Low Voltage 

measurements. We connected a network analyzer 

(Socomec Q800) at the Déchetterie transformer. We analyzed two types of events on the 

voltage: transitory and deep. The current measurements being done on the low voltage 

transformer output we cannot correlate them to the voltage events because, the voltage 

deep is mostly generated on another transformer of the island or even on the continent side. 

   

     Voltage transitory event on real time samples                    Voltage deep event on RMS value 

  
Figure 36 - Network analyzer transitory event 

 

The transitory event is a very short perturbation (<1ms) whereas a deep event is long 

perturbation (>100ms) on the voltage RMS value. 

 

Figure 35 - Network analyzer deep event 
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2.4.4.2 General analysis 

Distribution of the events between the 15th/07/2019 and 13th/08/2019 

 

Table 26 - Distribution of the events between the 15/07/2019 and 13/08/2019 

  Transitory Deep 

Event Number 115 70 
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Figure 37 - Transitory events by date 
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Figure 38 - Voltage deeps by date 



D9.3 Demonstration results based on the KPI measurements  
and lessons learnt from the demonstrations 

InterFlex – GA n°731289  Page 66 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regarding the number of events shows that there is no equality between transitory events 

and deep events. It is possible to see with the diagrams that there is no homogenous 

distribution of deep events. There are more transitory events in the morning whereas there 

are more deep events in the afternoon. 

Table 27 - Event distribution between phases and between default types 

Default number by phase 

  L1 L2 L3 

Deep 48 64 28 

Transitory 10 8 97 
 

This array shows that there is no homogeneous event distribution between phases and 

between default types.  
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Figure 39 -Transitory events by hour 
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Figure 40 - Voltage Deeps by hour 
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2.4.4.3 Typical day analysis 

 
Figure 41 - Transitory amplitude distribution 

 

 

 
Figure 42 - Deep amplitude distribution 
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Figure 43 - Transitory duration distribution 

 

 
Figure 44 - Deep duration distribution 

 

The distribution graphs show that a typical transitory is about 25% of Un for a duration of 0,3ms. 

It shows also that a typical deep is about 12,5% of Un for a duration of 0,17s. 
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2.4.4.4 Relation between event types 

An analysis shows that there is no relation between a voltage transitory event and a voltage 

deep event. 

For example, on the measured period we observed 185 voltage events. On these events only 

62 are a sequence of a transitory event followed by a deep event. There is a big variability 

in time between the two events. 

 
Figure 45 - Time between a transitory and a deep event distribution 

 

The graph shows that the probability to always measure the same time between a transitory 

and a deep event is very low.  

2.4.4.5 Typical event analysis 

In this part, the goal is to focus on an important voltage deep event and see what would be 

the potential event which could have been a deep event indicator.  

 

 

Figure 46 - Deep event phase 1 

 
Figure 47 - Deep event phase 2 
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Figure 48 - Deep event phase 3 

 

Here is the deepest deep event with a deep of ~50% of Un. This deep is certainly a short 

circuit because of the deep form and because the phase one is not impacted. 

 

 
Figure 49 - Deep event phase 1 

 
Figure 50 - Deep event phase 2 

 
Figure 51 - Deep event phase 3 

 

 

Here for example, it seems that an inductive load (electric motor, transformer…) has been 

switched on.  

Regarding these kinds of event and their natures, it seems very difficult to prevent a voltage 

drop.  

2.4.4.6 Curve analysis conclusion 

To conclude based on the measurements stored in the cloud, there is no possibility to 

prevent a voltage default event with only voltage measures. Therefore the unforeseen or 

anticipated islanding feasibility is not demonstrated. For future analysis, we should include 

environmental data like the weather forecast values, the current consumption and the power 

factor. 
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2.4.5 InterFlex KPIs 

See deliverable D2.5. 

2.5 Lessons learnt and recommendations 

2.5.1 Methodology to define the size of the need 

A simple method has been defined to design the optimal energy and power of the overall 

storage systems onto the islands depending on the need:  

- The optimal energy can be defined using probabilistic load and generation curves and relies 

on trivial areas calculation;  

- The optimal power relies on the maximum power obtained when we sum the generation and 

the load curves (losses unconsidered). 

The study performed in NSV has shown that for the 56 customers onto the islands, an 

islanding of one day starting on September 1st 2018 would have required 5.3 MWh of energy 

available into the batteries5.  

Note that installing PVs is not sufficient to extend the islanding duration over one day as 

the night is limiting.  

More generally, on such an area, performing a several day islanding using no rotating 

generator seems utopian only using DERs, current battery’s technology and a realistic 

amount of energy available into the storage systems.  

Theoretical analysis can show that a load/generation management system could increase 

the maximum islanding duration. It should have the following functions: 

1. If the islanding stops since the storage system is empty:  

a. To lower the local consumption; 

b. To increase the local generation. 

2. If the islanding stops as the storage system is full:  

a. To lower the local generation; 

b. To increase the local consumption.  

Using a load management system raises several questions. What uses a customer would agree 

to decrease/increase? What remuneration would be acceptable for this purpose if any? 

Would the customers accept to have its uses controlled by another system? How to control 

these uses? How far would a local community be ready to go to avoid outages in terme of 

battery sizing (cost) or Demand Side Management? Is there a point/collective profit to avoid 

100% of outages? 80%? These questions have been listed during the project but have not been 

addressed.  

 

2.5.2 Methodology to establish the electric protection scheme 

ENEDIS designed a method able to define an effective protection plan for islanding with no 

blackout. As the objective is to maintain safety for people and goods during islanding, the 

                                            

5 If there is no load management system operating and no DERs. 
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protection plan has been defined to have at least the same performances than the current 

local protection plan. 

Several noticeable results have been extracted from the results of the study: 

1. During islanding, the isolated neutral protection plan has the best performances 

regarding MV fault detection and is more cost efficient than the creation of a specific 

neutral impedant grounding. It is to be noted that for the detection of these faults, a 

protection relay must be installed to monitor the residual voltage magnitude. 

2. The GFU of islanding is able to detect some faults by itself on both LV and MV grids. The 

less power it has the best detection capacity it has (by itself). The reason why it can 

detect some faults is because its saturation is reached quicker with a smaller maximum 

power.  

3. It is very difficult to have a full selectivity of faults’ detection with an undersized power 

capacity of the master of islanding. As the maximum current supplied by the master of 

islanding can be considered as “low”, it may be difficult to establish a protection plan 

able to discriminate a LV fault from normal grid operation. 

 

2.5.3 Administrative boundaries 

Strong administrative hurdles had to be facedto achieve the field implementation. Such 

islanding systems are most likely to be developed in isolated area – often protected for 

environmental reasons- or where the resilience of the grid would overcome economical 

drivers.  

Landscape and environment integration, as well as stakeholder consultations need therefore 

to be addressed prior to technical issues and technology choices, to be able to achieve such 

a project in a limited timeframe. Moreover, battery storage system are not a common 

technologies for stakeholders such as inhabitants, firemen, environmental authorities or the 

state. Current rules are unclear and they leave a part of interpretation and thus a certain 

form of arbitrariness which is a huge risk for a project. Moreover, they are not adapted to 

today technologies which leads to proceedures that are sometimes unconsistant with the 

atual risk. Discussion and sensistization of regulators, authorites and manufacturers are 

further needed to achieve a smooth industrialization of the technology.  

2.5.4 Technical boundaries 

The experiment shows that for the DSO to control the microgrid –i.e to ensure the safety and 

the quality of supply during islanding – interfaces between the GFU, the protection scheme 

and several grid equipment is necessary. How to address this issue with a market player 

owned storage while ensuring a safe operation of the microgrid by the DSO was not addressed 

in the project.  

2.5.5 Specification of telecommunication system 

Detailed information on issues and solutions experimented by SOCOMEC are available in 

Appendix C. 

The soft real time communication links are now working fine. The control of the different 

BESS can be done remotely using an EMS or the SOCOMEC cloud interface to fully manage 

the BESS behavior (charge and discharge battery cycles). The main measurements are also 



D9.3 Demonstration results based on the KPI measurements  
and lessons learnt from the demonstrations 

InterFlex – GA n°731289  Page 73 

 

logged in a database in order to trace all the power consumptions, the related battery 

variables like SOC, etc.  

The dedicated cable communication is the most reliable once the perturbation problems 

resolved, the problem is the distance: if the distance is too high, some repeaters must be 

added with a reliable power supply, meaning a larger investment. An optical fiber could also 

be used but according to its technology and baudrate the distance is limited: 

 - multimode 62nm / <10Mbit/s ==> distance < 2km 

 - single mode / <1Gbit/s ==> distance < 5km 

The radio/telecom communication may be the solution but it is not fully under control as 

some external devices are used for which we do not manage:   

 Their usage (the bandwidth may decrease due to the arrival of tourists using their cellular 

phones). 

 Their maintenance (the operator may change a repeater, may reboot its servers, etc.) during 

this time the system remains with less control.  

In order to have a safe system, we had to add specific functions in order not to damage any 

utility, for instance, the P(f) and Q(U) curves remain active and are the last way of 

information exchange between BESS if the radio communication link is broken. A P(f) 

function activated in the GSU associated with a f(SoC) function in the GFU would probably 

be the best option for communication between islanding assets during islanding. 

Telecommunication vs business model 

The location chosen in Nice Smart Valley had an impact on the cost of the islanding system.  

For instance, as ENEDIS’ storage system could not be located close to the MV islanding 

breaker, a telecommunication cable was installed on more than 600 m6. This cost could have 

been smaller if the storage system could have been installed closer limiting the length of 

this cable.  

The telecommunication between the grid forming unit (ENEDIS’ storage system) and the grid 

supporting unit (ENGIE’s storage system) was also difficult to manage. As the island is not 

close to the radio antennas, there were some issues to have a reliable communication 

between both storage systems. This issue could be met on other places where islanding could 

be useful for the DSO. It could be solved by using the voltage’s frequency as a vector of 

communication between the two storage systems. It would not require any antenna or 

telecommunication cable as the usual grid would be used to transmit information to other 

equipment7. This solution has the interest to be: 

- More reliable as it does not depend on external resources (antenna, etc.). 

- Cheap as every storage systems already has a frequency calculation module into their 

regulation. No hardware must be added to include this functionality in storage systems. 

Note that if this solution were generalized it should be described in grid codes for 

interoperability and replicability purposes. The system should be settable, the 

parameters should be defined through a study and in case of a system with several storage 

systems (or generators), they should probably have different slopes into the P(f) and Q(U). 

                                            

6 This cable was required by SOCOMEC to limit the delay between the order of opening/closing and 
the effective opening/closing. 

7 It is to be noted that this solution has not been implemented during Nice Smart Valley for cost and 
time purposes. 
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 USE CASE 2: MULTISERVICE STORAGE 

3.1 Description 

3.1.1 Context  

The Energy Transition Law poses the challenge of development of new uses and the energy 

mix. The emergence of renewable energies (or intermittent energies) results in new 

flexibility needs in electricity systems, and thus arouses the stakeholders' interest in storage 

systems 

In recent years, capital investment in batteries, especially lithium-ion batteries, has 

permitted a rapid decline in costs, which should continue over the coming years. Indeed, in 

2018 the European Commission announced that it wanted to "make Europe a leader in the 

sustainable and competitive production of batteries". Although the initial objective concerns 

batteries related to mobility, stationary batteries will benefit from transfers of skills and 

technologies. This context of capital investment and the prospect of falling costs makes it 

possible to envisage the emergence of a competitive market for stationary storage, 

especially since storage can contribute value across the entire electricity chain: 

- Service systems and market valuation: management of the balance between production 

and consumption (tested in UC 2) 

- Management of grid constraints (tested in UC 2 for the distribution grid) 

- Self-consumption (tested in UC 2)  

- Grid resilience via islanding (tested in UC 1). 

The regulatory framework, established in particular by the clean energy package in January 

2019, does not authorize the DSO to "own, develop, manage or operate an energy storage 

system". However, a few cases derogating from this requirement were identified and will, 

in particular, have to be justified (i.e. "the installation must be necessary for the DSO to 

fulfil its duties and in particular they shall not be used to buy or sell electricity on the 

markets") and is subject to validation by the national regulatory authority. 

Under these conditions, Nice Smart Valley installed 3 batteries in different contexts, in order 

to test, technically and contractually, several operating procedures with a multiservice 

approach between the DSO (ENEDIS) and the FSP/storage operator (ENGIE) so as to identify 

the levers which could permit industrial production of batteries connected to the distribution 

grid. Since the use cases were defined before the publication of the Clean Energy Package, 

they are not necessarily in compliance with these new regulations.  

Focus on collective self-consumption 

Collective self-consumption is an emerging system undergoing construction. In 2017, about 

50% of new applications for the connection of production facilities were in individual self-

consumption (source: DELIBERATION No. 2018-027 from CRE). This dynamic can be explained 

notably by a social trend among consumers wanting to become proactive in their uses, 

thereby boosting local production. Although it is not necessarily certain that it contributes 

value to the electricity system, it could thus be a driver of the energy transition by 

encouraging the establishment of renewable energies. 

The Act of 24 February 2017 laid down an initial framework for self-consumption.  
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As a reminder, Article L315-2 of the Energy Code defines collective self-consumption as "the 

supply of electricity […] carried out between one or more producers and one or more end 

consumers joined together in a legal entity and for which the draw-off and injection points 

are located on the low-voltage grid and comply with the criteria, notably of geographic 

proximity, laid down by an official decision of the Minister of Energy, following approval 

by the Energy Regulation Commission ('CRE': Commission de régulation de l'énergie). 

Against this backdrop, in 2017 the CRE organized a consultation, the conclusions of which 

were reported in February 2018, in order to define new developments: 

- Technical:  

o Facilitate access to the grid (design engineering, dematerialized reporting) 

o Be equipped with "sophisticated metering" (bidirectional) 

- Contractual:  

o Group the participants (producers and consumers) in a legal entity; 

o Break down consumption into self-produced and produced elsewhere… 

o Measure consumption and production at 30-minute intervals 

- Specific TURPE for collective self consumption:  

o Introduction of a pricing option 

o Increase in the administration component (allowance for extra costs for the DSO in 

charge of distribution of production among the various stakeholders). 

 

If the public authorities want to boost the development of collective self-consumption, it is 

necessary to establish an easily understandable and coherent framework for all the 

stakeholders.  

In this context, Nice Smart Valley tested the specific case of the use of a battery to maximize 

the benefits derived by producers and consumers taking part in a collective self-consumption 

operation. 

3.1.2 Objectives 

In the French demonstration, 3 storages have been implemented: 

 Storage 1: ENEDIS asset in Lerins (GFU) whose description is presented in 2.2.4.3 

 Storage 2: ENGIE asset in Lerins is presented in 2.2.4.4 and in 3.1.4 

 Storage 3: ENEDIS asset in Carros described in 3.1.3 

 

Business model: 

ENGIE proposes cloud storage offer to prosumers who consume and/or produce electricity 

locally. This cloud storage offer consists in offering a remote storage service to players 

wishing to maximize their self-consumption at a lower cost. The assumed added value is 

multiple: reduction of the CAPEX required by reducing the size of the storage (expansion of 

needs) and scale effect on price. In addition, from the customer's point of view, this offer 

simplifies access to storage (pay-per-use and no land to use). ENGIE makes this offer based 

on 3 different underlying cases: 

 Case 1: A locally installed battery. Advantages: lower transport costs, provision of 

services to the DSO; disadvantages: difficulties of access to land, pooling only locally 
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 Case 2: A battery installed remotely. Benefits: pooling on a national scale, greater scale 

effect, cheap land; disadvantages: normal transport tariff, and a priori no local 

valuation of flexibility. 

 Case 3: No battery: storage is carried out via the market8. Advantage: no physical asset 

and therefore no investment; disadvantages: price risk and normal transport tariff. 

 

As part of the demonstrator, ENGIE is also testing in case 1 the valorization of a local storage 

facility owned and maintained by the DSO (Storage 3). This storage is normally valued by the 

aggregator and its control can be recovered by the DSO in case of constraint (see D9.4). 

Constraints can be anticipated by the DSO who warns in day-ahead that he wants to take 

back control of the storage (the next day) to solve his constraints. It then imposes a certain 

level of stored energy by the aggregator when the control is transferred. The DSO solves its 

constraints on day D and gives the storage back with a different stored energy level. 

The characteristics of this storage 3 are as follows: converter power of 33 kW and storage 

capacity of 106 kWh. The consumption power of the auxiliaries is 4.5 kW at peak. 

 

Case 2 is based on the storage 2 of ENGIE installed in Sainte Marguerite  

 

In addition to a valuation for self-consumption, the aggregator values the 3 storage facilities 

on the following value pockets: R1, RR, MECAPA, SPOT DA, SPOT ID (cf. §2.2 of D9.4)  

- In the case of storage 1, the possible use by the DSO has no impact on the valuation 

opportunities. Indeed, the DSO only takes control in the event of a power failure. In 

such a case, the aggregator would not be able to value the asset even if it were its asset 

due to the disconnection from the main grid. From the aggregator's point of view, the 

asset is like being "restricted" in capacity (stored energy level) as the DSO needs to 

guarantee a given SoC. The “restricted” asset can therefore be valued on all pockets of 

value.  

- In the case of storage 2, the impact is also limited as the service to DSO is 

opportunistically accepted by the aggregator. The latter will calculate the profitability 

of the DSO service vs. the desoptimization of storage on other local services. 

- In the case of storage 3, the economic impact is potentially greater because the use is 

not related to a power failure but to a network constraint. If the frequency of 

requisitions is high, only the value from collective self-consumption can be exploited. 

On days when storage is required, local optimization of collective self-consumption will 

take place without storage. 

 

Self-consumption schemes:  

ENGIE recruited consumers and producers who agreed to participate in a simulation of 

collective self-consumption with storage (see D9.4). These clients are located in a district 

of the city of Carros. The Enedis battery has been installed near these customers, 

                                            

8 This is a marketing approach. There is no real storage. Energy that is not consumed locally is sold 
on the market and then repurchased when the customer wishes to consume it by removing it from its 
virtual storage. 
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downstream of the same MV/LV substation, but is independently connected to the 

distribution network. 

 

Figure 52 - Connection diagram for customers and storage of Carros 

 

 

Figure 53 - Characteristics of Carros experimenters 

The annual load curves have been reconstructed on the basis of those recorded since May 

2019 and of monthly energy bills. Here are the consumption and production data for a 

summer week and a winter week: 

Product
eur1

PV1

Client 1 Client 2
Agregat

or

StorageConso1 

Product
eur2

PV2
Conso2 

C1 C2 Ps / Cs P1 P2



D9.3 Demonstration results based on the KPI measurements  
and lessons learnt from the demonstrations 

InterFlex – GA n°731289  Page 78 

 

 

Figure 54 - Consumptions and productions of Carros clients 

 

The problem needs to be scaled up because local production has been sized to maximize 

sales under a purchase obligation and not for self-consumption. Thus, the sum of the 

productions is much higher than the sum of the consumptions. It is therefore assumed that 

the production of producers 1 and 2 is reduced by half. Taking into account this assumption, 

the peak solar surplus from the community's point of view is 160 kW. It is therefore assumed 

that the battery used for this use case has a power of 160 kW. The batteries actually installed 

have not been sized for self-consumption use. It will therefore be necessary to adjust the 

real battery powers for in-situ tests) 

 

3 self-consumption schemes are studied: 

- Diagram AC1: Producers, consumers and storage companies are separated. 

- Diagram AC2: Production is downstream of the consumer's meter, storage remains 

separate 

- Diagram AC3: Storage is associated with one of the prosumers 
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Figure 55 - Self-consumption diagram AC1 (Market CP = a market counterpart) 

   

Figure 56 - AC2 and AC3 self-consumption schemes 

 

Note1: the red perimeter corresponds to the "downstream counter perimeter”. 

The aggregator is the central actor of the operation. According to the scheme, it is 

connected to local producers (to whom it buys production) and customers (to whom it sells 

local production) and storage (that it exploits to maximize value) as well as to the market. 
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As for customers, they can be supplied by local production via the aggregator or by national 

production via their traditional supplier. 

 Optimization consists in minimizing the cost (or maximizing the gains) of one or more 

actors while ensuring physical balancing at each node and respecting physical or 

contractual constraints (in particular connection powers and maximum flow between 

actors). 

In the AC1 and AC2 diagrams, the battery can be local (storage n°3), remote (storage n°2), 

or market.  

In the AC3 scheme, the battery is necessarily local (storage n°3).  

 

3.1.3 Technical description of Storage 3 (DSO asset in Carros) 

The architecture of the electric and communication solution has been designed according to 

the different use case needs. The storage 3 is located in Carros industrial area: 

 

 

Figure 57 - The storage 3 located in Carros 

 

 

  

Carros 
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The electic diagram below presents the power connections of the installation.  
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Figure 58 : general single wire diagram of Storage 3 
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Storage systems equipment 

The storage system in Carros includes: 

1- PCS² 33kW 

2- PMS cabinet 

3- 2 battery racks  

4- 1 air con system 

5- 1 safety system 

 

Figure 59  - 3D view of the container 

 

Grid connection 

The battery is connected to the grid through a transmission station 

with a communicating two-way electric meter in order to follow the 

energy injection or withdrawal. 

The head meter is remotely controlled and forward the 

charge/discharge load through a radio channel to the DSO system. 

 

 

 

 

Figure 60  - The two way electric meter 
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Safety monitoring system 

In order to guarantee the safety of the full system, a specific equipment used on the grid 

(remote control box called ITI) has been set up to spread the information to the regional 

control room. The equipment: 

 keeps the system under observation and enables to act in case of need (opening 

of the main circuit breaker) 

 works with a 3G network with a specific SIM card (i.e. different from the one 

used to remote the battery through the software) 

 is directly connected to the fire system and the battery monitoring system 

 

 

 Figure 61 - Remote main circuit breaker 

 

Figure 62 - ITI box 
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Communication design 

The diagram below represents the communication architecture of the Carros installation 

implemented for use case 2. 
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Figure 63  – Architecture principle for the use case 2 

 

 

To enable the asset to exchange data information, different devices have been installed to 

spread the communication to the right receiver: 
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Remote control of 
PCS² 
Power and 
supervision data 

3G modem + 
antenna 

Nice Smart Valley 

 
 

Battery remote control  

To enable more agility in the battery use, a software program, XPERTSOFT, has been 

developed to remotely control the asset. 

The XPERSOFT program enables: 

 A charge/discharge activation according to charge/discharge curve 

 

 
 

 Alarm and warning observation 

 
 

 Data control (data historic, SOC, power and voltage historic) 
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 Real time analysis (battery state, SOC state, injection/withdrawal state) 

 
 

The program will be used either by the DSO or by the aggregator according to the active 

process. As described in D9.4, in normal mode, the aggregator monetizes this asset and the 

DSO takes control back in the event of a constraint or incident on the electricity distribution 

network. 

Data measurement  

The measurement system records different information from the AC network for analyzing 

such as: 

 Frequency 

 Voltage (phase to phase, phase to neutral)  

 Power (active, reactive, apparent) & power factor 

 Currents  

To do so, the measurement system includes: 

 I35 digiware for current data 

 U30 digiware for voltage data, it pools together all voltage measurements 

 “D70”, diris digiware acts as a gateway centralizing measurements (for I35 and 

U30 digiware) and make them available on webview   
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All data are accessible via web application called “IOT Framework demo NSV”. The portal 

gives access to: 

 Dashboard with map and alarms 

 Installations last values (pace of 10 min) 

 Installation historical data 

 Installations data export (xls) 

 

Figure 67 - measurement data interface 

 

 

 

Figure 64 - I35 & U30 

Figure 65 - Measurement point 

Figure 66 - D70 
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Monitoring 

Due to time and budget constraints, it was not possible to develop a solution to steer the 

asset through the software directly from ENEDIS SCADA (i.e with high cybersecurity 

requirements).  

Indeed, the information system policy of ENEDIS sets safety rules such as:  

 Company firewall network protection blocks all the communication ports used to 

communicate with the battery 

 The download of new software are restricted 

 The use of SIM card with fixed IP access are available only via SFR (no choice in 

the operator company) and work only for machine to machine communication with 

specific ENEDIS devices (That is why XperSoft was only installed on a computer 

that was not able to connect with ENEDIS information system. 

To implement this solution at an industrial level, it would be necessary to work on the 

information system improvement to fit new software and enable data exchanges in 

compliance with the cybersecurity policy. 

 

3.1.4 Technical description of aggregator control chain for Storage 1 and Storage 

2 on Ste Marguerite island)  

The overall technical architecture for managing the storage facilities on Sainte-Marguerite 

island-outside islanding operations periods9-is described in 2.1.2. More specifically 

concerning the ENGIE battery, an optimization and control tool has been developed. 

 

Figure 68 - ENGIE Optimization and management tools for batteries outside islanding periods 

 

Communication ENGIE – Batteries 

The communication system between ENGIE “EMS” and the batteries relies on following 

components: 

                                            

9 In the future, islanding operations are to be triggered in case of an outage on the main grid, that is 
to say very rarely. But in this case, the DSO takes control over its storage, and potentially ENGIE’s 
storage upon its agreement. 
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 A REST API specified by Engie and developed by Socomec exposing on the Internet 
following features: 

 Authentication 
 Get RealTime data 
 Post Charge/Discharge Profile 

 A generic ‘client’ component, developed in Python, to consume the REST API 

 Some end-user dedicated scripts, developed in Python, to: 
 Automatically connect to the API, retrieve last available data points 

both ENGIE and ENEDIS batteries 
 Store values in ENGIE databases 
 Perform battery monitoring by analysing warnings and alarms and 

sending SMS based on alarm levels 
 Specify and send charging/discharging schedules 

Optimization Tool architecture 

The optimization engine is written in GAMS (https://www.gams.com/). It relies on a 

commercial solver (Gurobi). 

The user interface (UI) is Excel. It contains the topology definition and attribute data, as 

well as result sheets. 

A Python script is triggered via the UI to launch the optimization. This script, as well as the 

optimization, run on a remote server. 

 

 

 

 

https://www.gams.com/
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3.2 Implementation and tests 

Islanding operations are decribed in details in 2. This chapter thus describes every other 

tested services than islanding related ones. 

3.2.1 Use of Storage 3 by the DSO 

3.2.1.1 Tests objectives 

The tests have 3 main goals: 

 Experiment the battery as a source of flexibility to manage distribution grid constraints 

that are predictable (workplan, grid reconfiguration,…).  

 Evaluate the software 

 Analyze battery performance regarding the expected service: software, mobilization 

delay, data performance. 

 

3.2.1.2 Implementation 

Reminder: the battery characteristics are 33kW/106kWh 

During the experimentation, Carros storage were remotely activated on manual order sent 

through Xpertsoft and data were recorded through the software and the D70 (see 3.1.3 for 

details on these equipments). 

The experimentation program started in july and 70 activations have been realized. 

The sample is described in the table below: 

 

Table 28 - Sample description 

 July August September October 
Number of sample 9 25 21 15 

TOTAL 70 

Charge/discharge 
distribution and power 

distribution 

 

Discharge; 37
Charge; 33
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Duration distribution 

 

Cycle depth distribution 

 
 

3.2.1.3 Definition and formula 

Table 29 – Definition and formula 

State of charge (SOC) Dynamic value representing 
the battery’ state of charge 
available at a specific time 

𝑆𝑂𝐶 = 
𝐸𝑠𝑡𝑜𝑟𝑒𝑑

𝐸𝑚𝑎𝑥
∗ 100 

State of health Evolutive value reflecting 
the battery’state of health, 
it reprensents the maximum 
energy storable in the 
asset. 
SOH = 100% for a new 
battery  
SOH = 0% for end of life 
battery 

𝑆𝑂𝐻 =  
𝐸𝑎𝑐𝑡𝑢𝑎𝑙

𝐸𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑
∗ 100 
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3.2.2 Optimization of a storage by an aggregator 

3.2.2.1 Test objectives 

The tests are divided into 2 parts:  

 Simulations of collective self-consumption with real control of storage 3 (local) and 

2 (distant). The objectives are to: 

- validate the self-consumption optimization tool developed by ENGIE; 

- validate end-to-end control chains, in particular the ENGIE tool developed for 

remote control 

- study the economic profitability of distant or local storage offers for self-

consumption in the current context 

 

 Tests of the real behaviour and performance of storage systems 2 and 3 according to 
different programs: 
- Depth of charge/discharge 
- Number of cycles 
- Cycle duration 
- Energy in stock and/or power to stored energy ratio 

3.2.2.2 Local self-consumption simulation plan and in-situ battery management 

Simulations are conducted with data from customers participating in the Carros experiment 

(see3.1.2).  

 

The collective self-consumption simulations were conducted with the following parameters: 

- Use of storage 2 or storage 3 (with re-setting to a Pmax of 160 kW) 

- Self-consumption schemes AC1, AC2 or AC3 

- Selling price of local production energy to the aggregator: SPOT price 

- Selling price of local energy by the aggregator to customers: the energy part is 

calculated by taking into account the "specific TURPE for collective self-onsumption" 

such as total local energy price = 99% total supplier energy price 

- TURPE: Specific TURPE for local flows in a collective self consumption operation 

- Taxes for local energy consumed: two cases are considered: either identical to the 

taxes to be paid for energy from the supplier (31.5 €/MWh), or without taxes 

NB: Taxes on storage flows can be interpreted differently. ENGIE assumes that taxes 

are applied on final energy consumed, i.e. storage losses  

- Possibility or not for the aggregator to buy on the market and thus become an indirect 

supplier to customers 

- Objective function : 

o Minimization of customers costs.  

o Minimization of the sum of the costs of all actors (supplier, BRP, consumers, 

producers,storage operator) 
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Two load plans are extracted from these simulations and tested in-situ on storage facilities 

2 and 3: 

 

 

Figure 69 - Battery plans over 24h in summer and winter (simu AC3 20bis).  
Convention sign : charge > 0 

These load plans correspond to a simulation where the storage is downstream of the 

prosumer counter (diagram AC3). On the first figure (summer day) the storage is charged at 

night with the grid, discharged in the morning when there is no PV, then recharged with the 

solar surplus, and finally discharged at the end of the day. On the second figure (winter 

day), PV production is low so storage is rarely used. However, the simulation is interesting 

to test phases where the storage is at rest.  

 

3.2.2.3 Battery performance test plan 

 Storage 3 (Carros) 

Characteristics: max load 33kW, max discharge 33kW. Max capacity 106 kWh 

16 tests are performed with the Carros battery. They consist in charging and discharging 

plans over 12h, 3h or 1h time steps, varying the initial level in the battery as well as the 

charging and discharging powers (setpoints in kW). 

NB: Given the constraints of battery control (manual programming and sending of orders), 3 

types of tests were considered: 

o Tests at 12h step: 

These tests aim to determine storage efficiencies for long loads and discharges.  
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- Initial level 0%. 100%Pmax load - 100%Pmax discharge  

- Initial level 0%. Load 50%Pmax - Discharge 50%Pmax 

- Initial level 50%. Load 50%Pmax - Discharge 50%Pmax  

 

o Tests at step 3h: 

The tests at step 3h aim to obtain storage efficiencies for shorter loads and discharges. 

- Initial level 0%. Load 25%Pmax - Load 50%Pmax - Discharge 50%Pmax - Discharge 

25%Pmax  

- Initial level 0%. Charge 100%Pmax - Discharge 100%Pmax - Charge 50%Pmax - 

Discharge 50%Pmax 

- Initial level 50%. Load 50%Pmax - Discharge 50%Pmax - Load 25%Pmax - Discharge 

25%Pmax 

 

o Tests at step 1h:  

These tests aim to simulate the use of storage for self-consumption or following 

relatively fast cycling:  

 

Figure 70 - Tests on Storage 3 (step 1h) 

In particular, here is the test simulating the case of self-consumption Carros (resized): 

 

Figure 71 - battery plan from Carros AC3 simulation tested in-situ on Storage 3 

 

 

 Storage 2 (ENGIE) 

Characteristics (limited by operational constraints):  

- Max load 15kW. Max capacity 274 kWh. 

- Operating area: 10%-90% SOC 

- Converter disconnection zone: 5%-95% SOC 
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5 tests are performed, alterning charges and discharges of mentioned powers: 

Table 30 – Tests altering charges and discharges of beforementioned powers 

 

 

3.3 Valorization 

3.3.1 Valorization of cloud storage 

ENGIE described and compared the value that can be extracted from the three models of 

cloud storage presented in 3.1.2 and furthermore evaluated how it can be spread among 

involved customers. 

ENGIE analyzed how a storage can be monetized on existing national markets and 

mechanisms: SPOT market, FCR and capacity market. 

The obtained results are sensitive in the given competitive environment and are therefore 

not publicly disclosed. The full results will be made available to the European Commission 

upon request. 

3.3.2 Storage cost 

The NSV project started in 2017 and the use cases experimented in the project have been 

designed before the publication of the Clean Energy Package in 2019. In particular, the rules 

formulated in the CEP with respect to storage use and ownership (article 32 of the CEP 

Electricity directive) were not defined before implementing the NSV demos: the below 

paragraph has been written in that context and shall not be understood as an endorsement 

of a role model by the involved partners. 

 
The wide variety of uses, the configuration of the grid and the area typology make the cost 
evaluation unique to each situation, therefore it would be unsuitable to define a single cost 
of investment. In addition, the acquisition cost of batteries depends heavily on changes in 
raw material prices, improvement performance or increased production volumes. This is 
why, in the context of NSV, we were interested in the cost structure rather than its value. 
 
For Use Case 1 and Use Case 2 an analysis of the cost structure of local battery storage 

systems is provided in order to give an insight on what are the parameters to be accounted 

for when it comes to design a storage asset for multiservice use.  

Additional costs required to implement an islanding system on existing storage system for 

Use Case 1 (inverter smart functions, innovative MV breaker, adaptation of the protection 

scheme) are not described here as the related functionalities were at an early technology 

readiness level at the beginning of the project. The costs to design, adapt after laboratory 

tests, and implement on an operational field were therefore much higher than they will be 

in the future, and not relevant for this analysis. 

Tests on ENGIE storage Test1 Test2 Test3 Test4 Test5

Absolute Power of charge and discharge 15kW 15kW 15kW 15kW 0;5;10;15kW

Depth of charge/discharge 100%SOC 50%SOC 5%SOC 1%SOC 1%SOC

Cycle duration 30h 20h 2h 20min 1h

Number of cycles tested 1 1 10 10 10

Initial level min moy moy moy moy
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As a reminder, a detailed overview of the costs related to Carros storage system is given as 

an example in the deliverable D3.9 (cost benefit analysis). 

So, the cost structure inherent to the implementation of battery storage can be divided in 

the 6 costs items: 

- Acquisition cost (battery, convertor…) 

- Implementation cost (civil engineering, grid connections, telecommunication 

covering, transport distance, specification due to protected area…) 

- Operation cost (remote control application, failure occurrence, maintenance contract 

option) 

- Tax cost (real estate tax or leasing payment) 

- Cost in-use (contract of access to the distribution network and the contract of energy 

withdrawal / injection)  

- Recycling cost 

This paragraph presents more specifically each cost and its character associated 

Acquisition cost 

The acquisition cost of batteries and related equipment depends mostly on the evolution of 

the raw material market, the increase of performance and the capacity of battery 

manufacturers to supply the market. 

Over the past few years, the battery prices have been decreasing thanks to the development 

of electrical vehicle that enables the stationary market to take advantage of.  

 

Figure 72 – BNEF observed values on annual lithium-ion battery price index 

 

Moreover, the initial price depends also on the capacity and efficiency of the battery to 

supply the service expected (discharge rate (energy/power), cycle life, number of cycle, 

efficiency) 

Implementation cost 

The implementation cost is very flexible and relies on different local characteristics that 

might influence the desired service or the choice of technologies: 

- the site topography and geography such as: 
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o accessibility to the grid connection 

o telecommunication covering and efficiency of the service 

o transport network, distances and accessibility of the site 

o environment standard (protected area, safety rules) 

o community density 

- Economic and regulation environment (national, regional and local) 

Operations cost 

In the use case, DSO or aggregators (depending on the asset and contractual agreement) 

ensures the maintenance of the storage and its availability accordingly to the contractual 

commitments. Storage availability covers hours of operation, power, amount of storable 

energy, and efficiency. 

To operate batteries several cost items are identified: 

Table 31 – Identified cost items 

 

Tax cost 

The implementation of batteries, like every installation, are submitted to taxes such as real 
estate tax or lease payment. 
According to the local situation, the value of the tax may be very different, and once more, 
it is difficult to generalize the NSV situation. In fact, the calculation method of the real 
estate tax is based on the leasing value of the land or building. In that context, the tax is 
defined by a therotical rent which means according to the dynamic of the region, the cost 
might be very different and even evolves over time. 
 
Aggregator Cost-in-use 

In Nice Smart Valley, the aggregator remunerates the DSO according to a fixed annual 

premium in Euros for the use of DSO owned storage. 

The DSO provides information regarding the asset in order to help aggregator to present 

their best offer throughout the tender process:  

- Operational characteristics (power, available energy, maximum number of cycles per 

day and per year, etc.)  

Operation cost  One time 
cost 

Yearly 
cost 

Casual 
cost 

Remote application 
           Soft supply 
           User license 
           Update and maintenance 

x x x 

Preventive maintenance 
Fire system maintenance including spare part 
Air-con system including spare part 
Battery and PCS² maintenance contract including 
spare part 

 
 

 
x 

 

Curative maintenance 
Battery module 
BMS PCS  
PCS² maintenance 
BMS Battery 

  
 
x 
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- Availability elements:  the number of days and hours during which the storage cannot 

be used by the aggregator and the periods of the year (maintenance or DSO’s used) 

- Usage constraints: SOC level to be kept after a D-1 call or the SOC level to be kept in 

any cases, number of cycles to be respected, depth of the cycle 

Throughout the delegation period, the aggregator holds the contract of access to the 

distribution network and the contract of energy withdrawal / injection. 

DSO Cost-in-use 

When the storage is operated by the DSO, compensations will be paid to the aggregator 

accordingly. These compensations are performed under the following conditions: 

 For grid tarifs share: conditions of the variable part of the distribution tariff subscribed 

by the aggregator 

 For Energy share : SPOT day-ahead price averaged over the period of use of the storage 

by ENEDIS 

 The taxes are paid following these rules : 

o Taxes linked to auxiliaries consumptions are billed back-to-back to the DSO 

o Taxes linked to the battery consumption are related only to the efficiency losses. 

These losses are evaluated as follows: Losses = SOC1-SOC2 + withdrawal-injections. 

This energy quantity is taxed as defined in the law and are invoiced to the DSO. 

o A term that valorizes the electricity consumed by the distributor during the 

islanding period.  

Recycling cost 

Recycling cost is actually around 5% of acquisition value but might decrease to 3% of 

acquisition value in few years as the recycling chain should be developed at the same time 

that the battery industry grows with the introduction of electric vehicle on markets. 

Besides, the recycling price is also linked to the raw material price that can be monetized 

such as nickel, lithium, cobalt… 

Table 32 – Costs characteristics summary 

 DSO Aggregator 
Acquisition cost (battery, 

convertor…) 
 

x  

Implementation cost (civil 
engineering, grid 

connections, 
telecommunication 
covering, transport 

distance, specification due 
to protected area…) 

 

x  

Operation cost (remote 
control application, failure 
occurrence, maintenance 

contract option) 
 

x  

Tax cost (real estate tax or 
leasing payment,TURPE…) 

 
x  
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Cost in-use (contract of 
access to the distribution 

network and the contract of 
energy withdrawal / 

injection) 
 

x X 

Recycling cost 
 

x  

 

Sizing 

The capacity of a battery to provide a given service depends on the technical performance 
and the expected needs. For example, in Use Case 1, the sizing method of battery should be 
a compromise between the desired ensured duration of islanding (minimum, average or 
maximum) and the economic optimum in regard to the initial investments (principle of 
economy of scale). 

This would yield to maximize the size of the storage according to the unit costs defined in 
particular by the fixed costs (civil engineering, grid connection) already financed and the 
costs of over-sizing to reach the technical-economic optimum and thus: 

- Guarantee the need for the DSO which can evolve upwards according to the development 
ambitions of the territory 

-  Increase monetization value on markets to make the asset attractive for aggregators. 

 

Figure 73 - Principle of storage sizing optimization 

3.3.3 DSO – aggregators funding principles (D9.4 reminder) 

Three contratual frameworks between DSO and aggregators have been identified depending 

on whether or not the DSO constraint could be predicted, and on the priority given to the 

different services. In each case, the aggregator uses the battery when there is no DSO’s 

need, that is to say most of the time. 

3.3.3.1 Carros storage system 

If requested in day-ahead, ENGIE commits to make ENEDIS’storage system available and fully 
charged  
 
The battery will relieve local grid constraints and provide local flexibility. As the constraint 
is predictable, ENEDIS will request in day-ahead the battery with a specified state of charge 
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to catch up the constraint, the aggregator will then charge the battery according to DSO 
needs. On D-day, DSO will check the state of charge, the asset will not be returned to its 
initial state of charge. The aggregator will charge a fee for the restock supplied. 

 
Figure 74 - Principle of contract process for constraint alleviation 

 

3.3.3.2 St Marguerite GFU  

On the Saint Marguerite island, the first driver for the GFU installation is to improve grid 

resilience in case of unplanned interruptions with no back up to maintain customer service.  

In order to ensure the supply of energy and as the incidents aren’t predictable, DSO requests 

that a minimum SOC will always be available at any time to insure the grid resilience. The 

minimum calibration would be defined according to grid needs and might be reviewed 

according to the development of flexibility market opportunities. 

At the end of the event, the DSO returns the battery to aggregator, which would have to 

charge the battery in exchange for a small fee (which has almost no impact on the business 

model, see also deliverable D9.4). 

 

Figure 75 - Principle of contract process for islanding process 
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3.3.3.3 St Marguerite GSU 

As explained in D9.4, the first driver for an aggregator to install such a storage would most 

probably not be the local grid resilience improvement but rather other needs of a local 

community (self consumption, back-up behind the meter), or if the DSO is able to pay a 

storage development in a specific area. In this context, the islanding support service is 

provided on an opportunistic mode: as soon as an islanding is triggered, the aggregator can 

choose or not to participate, and is remunerated accordingly to the service he provides. This 

means that there is not storage capacity reservation, nor related fixed remuneration. 

 

3.4 Technical results 

3.4.1 ENEDIS results 

3.4.1.1 Measurment process analysis 

Software operation & analysis 

Carros storage (storage 3) is remotely activated on manual order sent through Xpertsoft: 

 

 
 

Figure 76 - Screenshot of the command order window 

For more reactivity and accuracy, it would be necessary to have a complete remote chain 

order thanks to a program that will launch the activation according to specific pre-recorded 

order, similar to what ENGIE and SOCOMEC developed on Storage 1 and Storage 2 on Ste 

Marguerite island. The charge/discharge order would be injected in the program and the 

battery would automatically follow the load chronicle.  

Thanks to the menu MEASURES, it is possible to follow in real time: 

- The order applied 

- SOC level 

- Battery voltage 

- Battery temperature 

Charge / discharge order 
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Conclusion: For a quick and easy starting, the software could be remastered in a user-

friendly approach: 

IT interface (icone, lables, tooltips…) 

Usability: be self-supporting, easy-in-use and friendly 

Reliability: during the experimentation, data have been lost according to unexplained 

technical problems and due to upgrading that overwritten previous data. 

Recommendation: the software must save data history to avoid operating fault or technical 

problem 

Interoperability: the software does not enable the operation of two or more batteries 

through the same interface, the user has to connect/reconnect with a different IP address. 

This manipulation stopes the recording solution of Xpersoft. 

Recommendation: In a multiple assets market, this function is essential. The interface must 

be able to operate several batteries and all the functions (recording, order, analysis…) have 

to be available at any time no matter the different actions done on the operation of one or 

another of the remote asset. Moreover, the software must handle different generation of 

assets and technologies with the same quality of service. 

Standardization and easy-to-read data : data and order should be  displayed in their 

conventional measure unit  (P=kW ; E=kWh ; SOC=%...) 

 

 

 

 

Figure 77 - Screenshot of the measures window in Xpersoft 
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Throughput 

As part of the experimentation, studies had been realized to define the performance of the 

battery in order to measure the capacity of the storage to supply the expected service. 

In the results presented:  

- As no capacity test has been realized at the beginning of the tests, the energy 

charged/discharged is calculated according to the SOC and initial value of power and 

energy which means 33kW/106kWh, values that are probably over estimated as the 

battery was already 6 years old  with an inactivity period of 2 years. 

 

𝐸 = 
(𝑆𝑂𝐶 ∗ 106𝑘𝑊ℎ)

100
 

 

- Measures are recorded through 2 devices:  

o PCS² : the convertor isn’t a measure device, results are approximate with an 0.3% 

margin of error on power plus 3% margin of error due to device loss and around 2% 

margin of error on energy data. 

o D70 is a measure device, so results are more precise and the results are PCS² loss 

free because of the measure point  

 

- Performance are calculated as: 

 

𝐶ℎ𝑎𝑟𝑔𝑒 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 = 
(𝑃 ∗ 𝑡)

𝐸
                                       𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 =

𝐸

(𝑃 ∗ 𝑡)
 

 

Nota: During the experimentation, a timestamp error has been identified, failing the first 

result, that is why there is a gap in the number of sample D70/PCS². 

 

Charge/discharge performance analysis with Xpersoft, D70 and calculated data 

The analysis shows that the performance based on Xpersoft data might be above 100%. 

 

PCS² measure point = Xpersoft restitution data 

D70 measure point = Cloud restitution data 
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The comparative graphics below are to be read as follows: 

 

 

 Discharge performance reports 

 

 

Figure 78 - Discharge performance reports 

 

Performance calculated with Xpersoft 

data 

Performance corrected with error rate deduction 

(3.3%) 

Performance calculated with D70 data 
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 Charge performance reports 

 

Figure 79 - Charge performance reports 

 

The results show that data are not reliable enough, leading to the following learnings: 

The performance calculation method has to be defined in the contract and a test of capacity 

should be realized at the beginning of the contract to ensure the capacity of the storage to 

supply the expected service 

The test of capacity will enable to set up the SOH and thus to secure the SOC used in different 

calculation. 

The measure points on device must be defined in the contract adding the % margin of error 

due to inherent loss of installation and % margin of error due to device measurement 

Data supplies by software has to be measured with performance measurement device and 

be tailored for the function expected. 

Moreover, the battery performance is an information that brings out the capacity of an 

installation to supply a service and take account the battery age. The performance is based 

on a precise measurement of the energy up and down stream of the electric circuit. In the 

market design exposed in D9.4 chapter 2, the performance is used in the business model as 

a contractual value. 

If the performance is a contractual data, the remote and measure system should deliver 

precise data information over the pace of time expected. As well as error and loss rate 

should be defined to ensure viability of the contract items and in particular the respect of 

the commitment clauses. 

The reliability of the measurement system is essential to guarantee a perform management 

grid but also secure the service check in case of DSO/aggregator contract. 

 

Input/output consistency  

The Xpersoft software does not allow to set a value in kW, a rule of proportionality manages 

the equivalence between unit: 16.384 = 33kW 



D9.3 Demonstration results based on the KPI measurements  
and lessons learnt from the demonstrations 
 

 

InterFlex – GA n°731289  Page 106 

 

 

The experimentation shows: 

- a gap that is sometimes important between programmed power order in Xpersoft and 

recorded power order via the installation. The margin of error is  up to 23.98% for low 

power order. 

- A variation of power during tests is observed with important gap between max and min 

value. 

Below are presented the analysis reports of the experimentation.  

Here is how to read the graphics : 

 

 

 

 Discharge analysis reports 
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Figure 80 - Discharge analysis reports 

 

 Charged analysis reports 

 

 

Figure 81 - Charged analysis reports 
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 Comparison of power order according to the different measurement point 

Reminder: During the experimentation period, a timestamp error has been identified, 

failing the first result, that is why there is a gap in sample number between D70/PCS². 

 

 

 

 

 

Figure 82 - Comparison of power order according to the different measurement point 
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Conclusion: An error rate, even low, on an asset can have significant impacts on a multitude 

of assets: 

The storage valorization by an aggregator relies on the storage capacity to supply an 

expected service and thus respect the charge/discharge strategy. If this chain of control 

cannot be respected, the contract may be called off since the aggregator commitments to 

markets might be put at risk  

In case of over/under injection and in a global activation context of a multitude of asset, 

the gap between programmed order and observed order might impact the grid balance, 

which could make the expected service unsuitable or even disturbing for the grid. 

The error rate between injected and observed order is to be considered, it is thus necessary 

to standardize the error interval to secure the service check in the case of a contract 

between DSO and aggregator. 

Orders must be registered into the software directly into usual unit of measurement for an 

easier use of the software. 

The measure points on device must be defined in the contract adding the % margin of error 

due to inherent loss of installation and % margin of error due to device measurement. 

 

3.4.1.2 Provided service analysis (technical) 

The objectives of the experimentations and the results described below are to 

experimentally use the battery as source of flexibility to relieve local grid constraint. 

The result shows that the battery can be managed in real-time, the asset is thus easy and 

quick to mobilize: 

Battery status Mobilization time 

On grid <300ms 

Off grid 02:33.313 
 

 

 

Furthermore, the battery follows the expected curve as shown in the graph below:  
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Figure 83 – Battery discharge/charge tests 

The use of a battery as source of flexibility to relieve constraint is reliable and has the 

benefit to guarantee the service at the right time and in the right quantities within the limits 

of its capacity.  
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Mobilization lead-time 

Measuring the reactivity of the system enables to define the mobilization delay of an asset. 

The experimentation shows 2 mobilization times according to the electrical state of the 

installation: 

- The asset is « on grid»  

 
 

meaning that the contactors are closed and the battery is waiting for order. In this context, 

the current remote system does not measure the information but the expert opinion is that 

the order is taken into account instantly. The results of laboratory expertise on this subject 

show a reactivity <300ms, which makes the system perform well in terms of the expected 

service. 

 

However, in a contractual or market optimization context, it would be necessary to specifiy 

the reaction time of the system to define the asset mobilization delay to ensure that the 

target power chronicles are consistant with the actual charge/discharge curves. 

 

- The asset is « off grid »  

 

meaning that the contactors are opened. The mobilization time is more important, the 
setup procedure involved a reset alarm before the launch of the "on grid" mode. 
 
This point could be measured in the experimentation, via the log file function of the Xpersoft 

software, which traces all the steps of operation. However, during the experimentation 

period, an unexplained technical problem failed the recorded of log file historic, that’s’ why 

there is a gap in the sample number analyzed.  

To mobilize the asset when it is “off grid” is about 00:02:33.313. 

 

Figure 84 - Mobilization delay when the asset is "off grid" 
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Since the delay of mobilization might be a contractual item, it could be recommended to 

set a chronometer function to ensure a proper service check. 

Data performance: SOC analysis 

The SOC is an essential data in the service check as it is used as contractual reference in 

multiple services: 

- Recorded data for the start/end of charged/discharged data  

- Master data to conform with contract : the SOC defines the minimum point beyond 

which the aggregator never empty the asset 

- Baseline data in payment calculation 

Over the different experimentations, the analyses shows: 

- Data accuracy: the SOC is rounded to the nearest integer so the value is updated every 

10 min or so (depending on the power order). The SOC is essential in the evaluation of 

the battery performance and as the power changes every 10sec, it is difficult to jump 

to conclusion in term of performance. 

 

For more efficiency and accuracy, a SOC information at pace of 0.5% is recommended. The 

detail will enable to have better precision in all analyses and calculations in which the SOC 

is involved (service check, valorization bill…). 

Moreover, in the context of a contractual relationship, a test of capacity seems essential to 

regularly define the SOH and check all the setting point in the machine to guarantee the 

quality of values. 

- Data instability: 

o missing data: 23% of the samples records a lack of information and some record 

several time missing data over a same period of test. 

 

 

Figure 85 – Data instability 

o jump of SOC : the analysis shows a variability in the SOC data transmission. The 

graphs hereby presents the different gap of SOC between two periods of 10 

seconds. Some sample had recorded up to 12% between two paces of time. 
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Figure 86 – Jump of SOC analysis for time gap of 10s 

 

After analysis, the jump of SOC are readjustment of the SOC according to the real energy 

capacity of the battery.  SOC depends on the SOH so that a wrong estimation of the SOH can 

result in a jump of SOC. On Storage 3, the SOH was set up to 100%, whereas the battery was 

6 years old. Once again a proper SOH evaluation is shown to be crucial. 

 

Data performance: SOC threshold analysis 

Studies have shown that it is advised not to totally discharge a battery, this is why the 

program enables to set boundaries through the pre-program threshold on SOC min. In our 

case, the threshold is set up to 5%. 

During the experimentation this threshold haven’t been respected in 26% of the cases. 

After research, in the software program, the threshold is only an information, and does not 

work as a shield to stop the discharge, which is incoherent with the expected service. 

 

Figure 87 – Data performance: SOC threshold analysis 

26%
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It is essential that the thresholds act as shield to protect the battery against using error 

especially if the asset is remotely controlled by different actors  

Data performance: cycle counter analysis 

The analysis of cycling counter seems to show unconsistency of the recorded information as 

the counting is freezed in a loop between 80 and 93 cycles. 

After research, Xpersoft software enables the cycle counting but the incremental algorithm 

is not adapted to Lithium-ion technology. No valuable analysis could thus be provided.  

  

Figure 88 – Cycle count 

 

The business model defined in the D9.4 includes a specific register of the cycling counter as 

restrictive item in the use of the battery. It is then crucial to ensure consistency between 

software, algorithm and technology. It is even more important that the cycle counter 

reflects the battery aging and therefore the asset capacity to deliver the expected service. 

Moreover, the definition of a cycle is subjective, subject to interpretation. In that context, 

it seems important to define a standard of what a cycle is, and what should trigger the 

counting incrementation.  
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3.4.2 ENGIE results 

The obtained results are sensitive in the given competitive environment and are therefore 

not publicly disclosed. A comprehensive summary is provided hereafter whereas the full 

results will be made available to the European Commission upon request.  

 

This kind of offer is targeting the prosumers developing new PV generation for self-

consumption. The valorization of such offer/technical solution is deeply dependant on the 

taxes and the distribution tariff design. 

In the current electric system context where there is no or few grid constraints and where 

the prices are higher when PV is producing, there is no economic interest for storing 

electricity on site for self-consumption. If the price spread between day and night is reduced 

or even inverted such technologie will have more interest. 

Illustration :  

 

Figure 89 - Optimal power flows over 5 days in summer 
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3.5 Lessons learnt and recommendations 

3.5.1 Economical hurdles 

Cost/benefit elements obtained in 3.3 show that storage use case has no value for energy 

community has no value in the current context in France mainland: 

- The gains made to a community of self-consumers are much lower than the installation 
costs in the case of physical storage 

o The volatility of energy prices is currently too low to justify battery cycling beyond 
peak / off peak. 

o The TURPE differential between network flows and local self-product flows is too 
small to justify the use of a battery in a collective self-consumption operation. 

o Savings costs due to avoided network reinforcement have not been estimated by 
ENEDIS during the project.  

- Lowering taxes on local flows would make possible development of self-consumption 
market and would favour the storage market.   

- ENGIE analysis shows that the application of TURPE tariff to storage and consumer flows 
penalizes the use of a storage. ENGIE wonders wether the storage should participate to 
the funding of the distribution network charges as a consumer, or may benefit of 
reduction as a producers. 

- Valuation of storage on the Primary Reserve currently provides more value than self-
consumption. However, this value is bearish so the coupling of the 2 pockets of values 
seems promising. This coupling would be “successive” more than simultaneous: for 
example, self-consumption in base, and R1 on days when storage is not used (low local 
production, for example in winter) or during R1 price peaks (daily calls for tenders).  

-  

In addition, the use case was studied with values known in advance (PV production, 

consumption, market price). In reality, it is very difficult to predict local consumption and 

production and therefore to operate specifically the pocket of self-consumption value. An 

expansion with a wider portfolio of flexibility is necessary. 

Therefore, when local distribution tariff enable energy exchange between prosumers within 

an energy community, the storage sizing must consider the storage needs pooling at the 

community level and the value stacking with other mechansims such as FCCR in order to take 

advantage of the economy of scale for the storage cost (CAPEX and OPEX) and installation 

costs. 

 

3.5.2 Regulatory aspects  

Impact of collective self consumption TURPE on each client 

The impact of TURPE on self-consumers has been estimated in3.3.1: 

- the additional cost of TURPE fixed component can reach several tens of euros per year, 

which is negligible compared to the total annual costs of the TURPE, but not negligible 

compared to the low gains generated by the self-consumption operation.  

- the cost of self-produced flows is only reduced by 50%. 
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- the cost of the flows produced by an autoconsumer is more expensive than the cost of 

the flows of a single consumer. The current regulations therefore favour customers 

who generate a large proportion of their electricity themselves. If this share is too low, 

it is preferable to keep the normal TURPE and collective self-consumption has no 

interest. 

- One of the values of collective self-consumption is to oversize the PV at a customer's 

site so that it can be exported to a local community. This requires an increase of the 

subscribed power of the contract (whereas only the exported power is concerned, not 

the imported power). This leads in particular to a higher fixed part of the TURPE (1/5 

of the gains brought in our example). 

 

Compatibility between services   

The use of storage for collective self-consumption is a priori compatible with other DSO 

services (temporary transfer for constraint resolution, islanding). Indeed, if the storage is 

requisitioned in day-ahead, the aggregator can integrate this transfer into the balancing 

schedule, so it will not incur balancing penalties. If the storage is requisitioned intraday for 

islanding purpose, it is a case of “force majeure” so the aggregator will not bear any 

penalties either.  

Status for storage operator 

Currently, in the energy community, the members can exchange their energy between 

themselves and have an electricity supplier for the missing electricity. However, in the case 

of a shared storage, it would be useful if the storage operator could sell locally electricity 

stored from the market in order to optimize the electricity bill of the consumers beyond the 

local self-consumption optimization. In this case, the storage operator would behave almost 

as an electricity supplier and the consumers would actually have 2 suppliers. The current 

regulation does not allow this. This is a hurdle for the shared storage development as it 

prevents a shared storage to use the energy efficiency value stream for the energy 

community. 

 

3.5.3 Recommendations for rentability  

Currently, maximizing the value of storage requires focusing on the most profitable pockets 

of value (such as R1).  

The compatibility of simultaneous multiservices is possible but destroys more value than it 

creates because of the de-optimization induced. 

The compatibility of successive multiservices seems more easily achievable and more value-

generating (opportunistic valuation based on the estimated gains brought by each pocket of 

value). 

Concerning self-consumption value pocket, it would be more exploited if taxes on local flows 

were reduced. 

On the other hand, in the case of storage connected to the network and managed by an 

aggregator, more value could be provided if the aggregator could manage both locally 

consumed and network (and therefore market) flows. This involves distinguishing between 

locally produced and alloproduced energy (which have different tariffs) within the storage 

and clarifying regulatory issues because it is not currently expected that a customer will 

have several suppliers.  
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 USE CASE 3: FLEXIBILITY 

  

4.1 Description and objectives of the use case 

4.1.1 Context 
 

In today’s energy world, national electricity markets are in place and are run by proven 

mechanisms in order to guarantee the security of supply and manage congestion in the high-

voltage grid.  

Tomorrow, it could become similarly common to implement local flexibility markets in order 

to manage grid congestion and avoid or postpone reinforcement on the medium – or low - 

voltage distribution level, in a context of a greater penetration of variable and localized 

renewable energy and new uses such as electrical vehicles.  

In France, Article 199 of 2015-992 law from 2015 august 17th set a first experimental 

framework for 4 years for the DSO to contract flexibility services to postpone grid 

investments or avoid operation costs.  

French Demonstration Use Case 3, together with other projects conducted for several years, 

participates in this process of building future local flexibility mechanisms. Together with 2 

competitive retailers and aggregators-ENGIE and EDF, the French gas DSO-GRDF, and ENEDIS, 

the project aimed at digging into a step further, that is to say in a future where the market 

would be liquid at a local so that competitive local mechanisms could be set as it is now 

common for ancillary services. 

This perspective required to recruit a large panel of flexibility resources, to build tools and 

platform for every partners to be able to test the mechanism, and enabled to draw the 

economical or regulatory hurdles to be overcome if such competitive mechanism to manage 

distribution grid constraints were to be developed in the future. 

In this context, the project investigated several key topics for the development of local 

flexibility: 

 Customer recruitment 

 Market design and flexibility products 

 IT Tools and platforms 

 Potential of each type of flexibility resources 

 Business models 

 Regulation 

The conclusions of these investigations are presented in each subchatper of 4.4 

4.1.2 Objectives 
 

Use Case 3 aims at testing a local flexibility mechanism to manage distribution grid 

constraints. Based on pre-established products published by the DSO, the aggregators bid 

upon a DSO request for a defined area. See D9.4 §3 for more details on the type of constraints 
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to be addressed and the products that have been tested. The following chapter presents the 

test protocol that was defined based on a list of issues to be addressed, and the limits of 

each partner in terms of the demonstration timeframe, budget and human resources 

allocated and the field reality (spread of recruitment). 

 

Taking into account the lessons from the first phase of the project concerning product pre-

identification, recruitment and the activation mechanisms, the test protocol answers the 

following questions.  

1. Can the planned activation mechanisms be integrated into the processes of ENEDIS and 

the aggregators, and the habits of private customers? 

2. Does the defined process, involving ENEDIS, aggregators and flexibility providers 

(consumer or producer) work? 

3. Are the operation of E-Flex and its connection with the aggregators Information System 

satisfactory? 

4. Are the specifications of the E-Flex application from a business viewpoint sufficient for 

industrialization? 

5. Does the equipment implemented in the field on managed flexibilities work? 

6. Are the results of the service check satisfactory? What are the limits involved? 

7. Do the various types of flexibility technologies tested meet the need? In light of the 

tests performed, do they seem more or less suitable for various use cases (period of 

prior notice, possibility of activation over long periods of time, etc.)? 

 

The table below explains how these questions will be dealt with in the experiments. 

Table 33 - Summary table of questions for which the experiments should provide an answer 

Which question? 
Test to be 
performed? 

How to test in the experiment? 

1 

Test the chain from 
the RMO up to 

activation in the 
aggregators' offices 

- Feedback from activation cases 

2 Activate flexibilities 

- Compliance with the process and 
analysis of deviations 

- Identification of irreducible latency 
periods 

3 

Test the chain from 
end to end from the 
RMO up to activation 
in customers' offices 

- Feedback from the service check by 
Enedis 

- Proper functioning of the IS chain 

4 

Use of E-Flex to 
communicate with all 

the project 
aggregators 

Sending of the service check 
  

Two questions could be considered: 
- Are the E-Flex specifications sufficient 

to implement the market design 
envisaged in NSV? 

- Is the market design for NSV in 
accordance with the CRE's view? 
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Which question? 
Test to be 
performed? 

How to test in the experiment? 

5 
The aggregators 

activate the managed 
flexibilities 

Feedback on the monitoring and control 
chain (not to be confused with the test 

on the reliability of this flexibility) 

6 Are the service 
check methods 

satisfactory? Limits? 

Do customer load 
shedding 

Performance of the service check by 
Enedis and comparison with other 

methods 

7 Is there a match 
between the 

contractual bids and 
the opportunistic 

needs of the 
distributor? 

Make flexibility 
activation requests to 

the aggregators 

Performance of the service check in 
order to check effective activation in 

the flexibility suppliers' facilities 

8 Is the behavioural 
flexibility reliable? 

Test load shedding on 
zones having 

behavioural flexibility 

Performance of the service check by 
Enedis 

9 Is the hybrid 
flexibility reliable? 

Test load shedding on 
zones having hybrid 

flexibility 

Performance of the service check by 
Enedis 
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4.1.3 Recruitment (reminder and update of D9.2) 
 

In order to experiment a broad feedback on customer empowerment, and technical 

potentials of flexibility resources three kinds of recruitment have been experimented: 

 Recruitment involving behavior changes 

 Recruitment involving new appliances installation 

 Recruitment involving remote control devices installation 

 

4.1.3.1 EDF recruitment (Behavior based flexibility and new appliances installation) 

B2C recruitment (behavior based flexibility): 

Deliverable D9.2 describes EDF’s recruitment strategy based on the following communication 

strategy: make known, make understood, have accepted. Several recruitment channels were 

activated:  

 

 A field communication campaign with two main features  

 A billboard campaign 

 An emailing campaign with reminders 

 A telephone campaign  

 A publication campaign in the daily newspaper Nice Matin  

 Activation of networks 

 

The start of the recruitment, which began at end-May 2018, did not give very good results: 

the first people contacted, who on the face of things were motivated, did not follow up. To 

boost recruitment EDF decided to introduce a welcome gift voucher of 30 euros following 

the summer holidays, in September 2018. The gift voucher was well received and made it 

possible to materialize the signature of agreements.  

 

Contrary to what was announced in deliverable 9.2, EDF did not recruit experimenters to 

experiment a hot water cylinder management solution via the Linky smart meter, as a heat 

storage solution. Consumption increase flexibilities were not activated as part of the Nice 

Smart Valley experiment. 

 

 

 

B2B recruitment (behavior based flexibility and V2B): 

72 firms were contacted for about twenty physical appointments (cf. section 4.3.2 of 

deliverable 9.2). 

 

Following this first appointment, some firms were eliminated from the recruitment, because 

they did not all meet the required eligibility criteria. About fifteen firms were selected for 

a second appointment in greater depth. Finally, 6 appointments took place, leading to the 

signature of the experiment agreement (6 firms for 8 facilities performing flexibility 

actions).   

 

Subsequently, other appointments were made with the participant firms, to help them fill 

in an information questionnaire for the ex-ante evaluation of their flexibility commitment. 
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This questionnaire made it possible to award a label which evaluates the level of reflection 

and involvement of the site manager to identify its flexibility potential and discover 

sustainable potential sources of energy savings. This ex-ante label was materialised by the 

submission of a flexibility diploma to each of the firms. This label was produced within the 

framework of the Nice Smart Valley project and will only be used in this context. 
 

Lastly, we endeavoured to recruit a customer to carry out a Vehicle To Home/Vehicle To 

Building experiment. Recruitment was very complicated, due to very precise eligibility 

criteria (restricted experiment zone, electric vehicle compatible with bidirectional 

recharging terminals, when only three-phase bidirectional recharging terminals are currently 

available in France), the innovative nature of this use case (use of the electric vehicle's 

battery as a source of storage and power supply for a house/building) and the low 

penetration of the electric vehicle in the market for private customers and businesses. 

Initially, we were concerned with private customers. However, the vehicles are not 

compatible with bidirectional terminals. We had to find people having compatible electric 

vehicles, in detached housing and having a sufficiently large outside area to install a 

bidirectional recharging terminal (D30 cm * L60 cm * H160 cm, 260 kg) and in a three-phase 

installation. Unfortunately we were unable to find an experimenter having all the eligibility 

criteria. In the end, we contacted the Mediterranean EDF sales staff team to find out 

whether some of their customers already had EVs or were interested in converting a fleet of 

internal combustion engine vehicles into electric vehicles. In this way we were able to find 

the right experimenter. Major installation work was carried out during the summer of 2019 

(civil engineering, high-voltage cabling, installation of an isolation transformer dedicated to 

the power supply for the electric recharging terminals). The experiment on this use case 

began in early October 2019. 

4.1.3.2 ENGIE recruitment (remote control devices installation) 

As described in D9.2, the role of ENGIE as aggregator is to prospect for the flexibility 

potentials in a given area, recruit in real time these flexibilities and install the necessary 

equipment in order to manage them remotely. It then operates the flexibility through an 

aggregation platform connected to ENEDIS platform in order to either sell it on national 

service markets (such as frequency regulation markets) or to solve local grid constraints. 

The recruited loads may be residential or industrial and the storage systems may be installed 

and operated by the aggregator itself. 

To do so, ENGIE ensured the following tasks: 

- Designing the offers and the associated technical solution: 

- One design considered the value that the flexibility could have at the local level within 

the next years. The technical solution involves flexibility management and energy 

efficiency. 

- Another design considered also the storage monetization. 

- Designing contracts for the flexibility providers on which premises GRDF installed 

flexible gas/electricity devices (B2C and B2B contracts). 

- Building communication supports for customers recruitment and participating to 

events to show the offers to potential customers. 

- Prospecting beyond the current ENGIE customer portfolio which is not large enough in 

that area. 
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4.1.4 Specification of flexibility supply 

4.1.4.1 Smart gas solutions 

Hybrid boiler  

 

A “hybrid boiler” or “hybrid heat 
pump” consists of an electric heat 
pump and a condensing gas boiler. It 
can produce both heating and 
domestic hot water (DHW) using gas 
or electricity. An intelligent control 
system allows to use the most 
efficient generator (and thus the 
energy) to heat the housing, 
according to the needs and the 
operating conditions. This control 
guarantees optimal comfort and a 
high overall efficiency of the 
solution throughout the year. 
Hybrid boilers can also be reversible 
and produce cold air for refreshing. 

Figure 90 – Hybrid boiler 

 
Hybrid roof-top  

 

A hybrid rooftop is a heating and air 
conditioning unit suitable for large 
buildings. It combines an electric air 
/ air heat pump and gas equipment 
(boilers or gas burners), regulated 
to take advantage of the best of 
both technologies at every moment, 
depending on the energy prices or 
the primary energy yield. Generally 
installed on the roof, the hybrid 
rooftop blows air directly into the 
building to bring it to the set 
temperature. In summer the 
electric heat pump ensures the air 
conditioning of the premises. 

Figure 91 – Hybrid roof-top 

 
 

 Hybrid technologies can switch from electrical to gas when the electrical network is 

under constraint. 
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Figure 92 – Hybrid systems: switching from gas-elec to gas 

 

When local electricity network is under constraint, the control of the installation allows to 

switch from using the electric heat pump to the gas boiler, thus constituting a curtailment 

of electrical consumption. For the end consumer, the comfort remains unchanged, the 

temperature is maintained by the gas boiler. At the end of the flexibility call, the hybrid 

boiler operates again in regulated form, according to the control parameters.  

 

Combined heat and power unit  

A natural gas micro-cogeneration module or combined heat and power (CHP) is a solution to 

guarantee the need for heating and DHW, and to produce electricity locally. The electricity 

produced can be self-consumed and / or injected into the network and sold. By combining 

the production of heat and electricity, the cogeneration system has a very good efficiency, 

about 80% of primary energy against 56% for the output of conventional electricity 

production.  

Several technologies exist such as fuel cells, internal combustion engine, external 

combustion engine, gas turbine. In Nice smart Valley, only internal combustion engine is 

being tested. 

 
Figure 93 – Combined heat and power unit 
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 CHP flexibility  

 

 

Figure 94 – CHP flexibility  

 

The CHP unit can produce more or less decentralized electricity on demand, heat is stored 

in a water tank, or directly valued in the building. When power grid is under constraint, the 

CHP can produce more electricity and inject it on the network. For the end consumer, the 

comfort remains unchanged. 

 

Nice Smart Valley installations 

Table 34 – NSV installations 

 Units Model Flexibility/unit 

Hybrid boilers 7 Saunier – Genia Air 5/1 1,5 kWe 
Reversible hybrid boilers 3 Saunier – Genia Air 5/1 1,5 kWe 

Hybrid roof-top  1 ETT - ULTI+ 22-160 CC+ 189L 88 kWe 

CHP unit 1 Cogengreen - EcoGen 70 SG 70 kWe 
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4.1.4.2 Behavioural 

B2C flexibility potential is estimated according to the results observed on previous trials. 

Based on the results obtained in Nicegrid trial, the following table depicts the expected 

characteristics of the behavioural flexibilities tested on NSV.  

Each load value can be adjusted. For B2B clients, interviews have been conducted to 

evaluate their flexibility potentials. 

Table 35 – The expected characteristics of the behavioural flexibilities tested on NSV 

  
Summer 

(May to September) 

Winter 

(November to 

march) 

Inter season 

(October and April) 

 
Type of 

day 
Period Load Period Load Period Load 

B2C 

Monday to 

Friday 

(DMO = D-

1) 

12h – 14h 

18h – 20h 

 

200W 

200W 
18h – 20h 200W 6h – 8h 200W 

Week-end 

(DMO = D-

1) 

12h – 14h 

18h – 20h 

150W 

150W 
18h – 20h 150W 6h – 8h 150W 

Monday to 

Friday 

(DMO = H-

2) 

12h – 14h 

18h – 20h 

 

100W 

100W 
18h – 20h 100W 6h – 8h 100W 

Week-end 

(DMO = H-

2) 

12h – 14h 

18h – 20h 

80W 

80W 
18h – 20h 80W 6h – 8h 80W 

Off-day NA NA NA NA NA NA 

B2B 

Monday to 

Friday 
12h – 14h 

Specific to 

each 

client 

18h – 6h 

Specific 

to each 

client 

16h – 18h 

Specific to 

each 

client 

Week-end 12h – 14h  18h – 6h  16h – 18h  

Off-day NA NA NA NA NA NA 
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4.1.4.3 Storage 

Batteries are a source of flexibility that can be used for managing production peaks or 

consumption peaks. Their integration facilitates the electrical system management, as the 

flexibility is guaranteed, measurable and adjustable.  

This source of flexibility is easy and quick to mobilize, the activation is instantaneous and 

flexible according to the needs. Batteries can be remotely operated either on provisional 

schedule mode or on opportunistic mode and might be used as an adjustment variable to the 

uncertainty of other sources of flexibility. Moreover, it is possible to manage the load curve 

one-way to another in real time thanks to pre-recorded charge/discharge chronicle. 

Batteries as source of flex give agility and responsivenesss. 

However, batteries and associated equipment are costly (even if through the past few year, 

a decrease of the cost has been noticed), operation and maintenance might be technically 

complex, as experimented in Use case 1 and Use case 2. Storage 3 of Carros (see3.1.3) was 

technically tested as a source of flexibility, but was not part of Use Case 3 mechanism as 

part of an aggregator portfolio.  

 

4.1.4.4 Vehicle To Home  

This use case consists in using the electric vehicle's battery as a storage and power supply 

source for a building. When there is a need for flexibility on the local electricity grid, the 

building's power supply is provided by the electric vehicle's battery and no longer by the 

grid. 

 

Since the experimenter has a vehicle compatible with the bidirectional recharging terminal 

(charging and discharging), they have nothing to do. If their electric vehicle is connected to 

the recharging terminal, reinjection and recharging are controlled automatically (cf. figure 

1). During reinjection, the customer's battery discharge system is servo controlled by their 

real consumption so as to maximize self-consumption of the energy stored in their vehicle. 

During vehicle recharging, the system monitors the recharging power so as not to exceed the 

customer's contract power. The battery is recharged outside of activation periods, 

preferably at a time when power is least expensive, and in accordance with the customer's 

travel schedule: principle of smart charging. To go even further to meet the ambition of 

some firms with regard to energy transition, the bidirectional recharging terminal could be 

powered by solar shelters in self-consumption.  

 
 

 
 

Figure 95 - Principle of bidirectional recharging system 
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4.1.5 Business model 
 

The obtained results are sensitive in the given competitive environment and are therefore 

not publicly disclosed. A comprehensive summary is provided hereafter whereas the full 

results from EDF and ENGIE will be made available to the European Commission upon 

request.  

4.1.5.1 ENGIE BM  

ENGIE considered 3 different Business Models for different kind of flexibilities: 

1- B2B 

2- Hybrid B2B 

3- Hybrid B2C 

The Business Model principles are the following. 

Considering that the flexibility value that can be extracted from the DSO is not enough to 

pay for making the customers flexible, it is required to stack this value with other value 

pockets. Moreover, as the flexibility value is in general not enough to convince customer and 

as it is not the core concern of the customers, ENGIE decided to develop a global business 

model based on energy efficiency and encompassing a flexibility part. This business model 

relies on the fact that the remote control devices required for energy efficiency and 

flexibility are the same. Their cost (CAPEX and OPEX) can then be pooled. Moreover the 

recruitment costs and the cost to serve can also be pooled. Hence Flexibility offer is only 

carrying marginal cost such as Information System and VPP Algorithms development. 

The customer is paying for the devices. His interest is to reduce his energy bill. ENGIE is 

providing the customer with the devices for lower price if the customer agrees to let ENGIE 

monetize its flexibility. 

4.1.5.2 GRDF BM 

To ensure the profitability of existing and already amortized gas/electricity technologies on 

the flexibility market, the costs of implementing hybrid flexibility must be covered by the 

revenues of flexibility, that is to say the costs needed to make such an installation steerable 

For smart gas solutions to create value in national and local markets, it is necessary, as far 

as possible, to combine the various market options. This investment appears to be significant 

but should be reduced in the coming years.  
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Figure 96 - Cost and revenue for a CHP in Use case 3 context 

 

Figure 97 - Cost and revenue - Hybrid Technologies 

 

In the medium term (2025), the results should increase thanks to the combined effect of a 

reduction in the costs of telecommunications equipment - related to their standardization - 

and a stabilization of revenues on the markets of flexibility. These steering elements could 

for example be directly integrated into the technologies by the manufacturers. 

Local flexibility markets will be very different from one another, depending on the local 

constraints and the deployment of the local electricity grid. Thus, the remuneration for this 

flexibility will be different. Smart gas technologies will therefore be able to generate 

flexibility where flexibility investments can be covered by the remunerations and where the 

gas network is deployed. 
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4.1.5.3  Evaluation of the local upper bound value of flexibility   

During Nice Smart Valley, ENEDIS has defined a mathematical method to assess the local 

upper bounds of flexibility value for the DSO.  

It has been calculated by valuing the so-called “lost load" or "unserved energy” that ENEDIS 

could not supply to its customers after very specific incidents on the MV or HV grids. In this 

study, no other ways of supplying customers have been considered, as the value is often 

higher by calculating the unserved energy than the cost of the temporary solution. 

It is important to note that: 

- The results obtained on the precise areas of Nice Smart Valley may in no case be 

generalized. 

- The approach described below is based exclusively on calculations of value upper 

bounds. This approach makes it possible to conclude quickly in the case of a low 

flexibility value, but not when the upper bound is high. In such cases, a more thorough 

analysis is needed to estimate precisely the value of local flexibility.  

- Note that less expensive temporary solutions could be implemented, but they are not 

examined here.  

- These upper bounds do not represent what ENEDIS will pay for a local flexibility 

service. Indeed, these values were calculated considering an investment to be made. In 

the Nice Smart Valley use cases, no reinforcement is planned and the values detailed 

below only give an idea of the boundary cost above which ENEDIS would never pay for a 

temporary solution. 

- Only the constraints due to currents in the equipment were valued. Voltage 

constraints were not studied.  

The complete and detailed study of each Use case #3 areas is presented in Appendix D. 

This chapter presents only the principle of the study and the conclusion. 

Principle 

The calculations of the value upper bound are based on an analysis of: the timing of the 

incident, its management by ENEDIS (and potentially RTE depending on the case) until the 

return to the normal situation. The various steps which enabled definition of the upper 

bounds are described below. 

1. Step 1: Definition of the  best N-1 configuration 

In Nice Smart Valley, only incident cases could lead to grid constraints. On cases of identified 

faults, it is therefore recommended to select the recovery configuration applied in a 

degraded situation to be simulated (also called N-1 configuration). This must take into 

account all the constraints and hence the choice of configuration must result in a minimum 

of constraints. 

2. Step 2: Choice of input data 

In addition to the grid topological data, likely consumption levels should be simulated. 

ENEDIS used the consumption data for the years 2015 and 2016 for the zone in question. The 

calculations of the value upper bound are therefore based on the same data. 

3. Step 3: Definition of unrecovered power levels in N-1 configuration  

The grid having been reconfigured and the input data identified, ENEDIS first located the 

constrained zone and then defined the unrecovered power which could pass through the grid 

equipment (lines, cables and transformer) downstream of the considered current constraint. 
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These power values will be useful to calculate the unserved energy, i.e. the energy that 

ENEDIS could not transmit to customers due to the appearance of a grid constraint.  

Note: This is the only step requiring electricity grid simulations. 

4. Step 4: Evaluation of unserved energies due to an incident 

In this study, we call "unserved energy" the energy that would have been consumed by 

customers, but which cannot be supplied by the grid because of grid constraints. It is 

estimated in MWh by means of the load curves obtained in 2015 and 2016 and the power 

thresholds established previously.  

From a representation viewpoint, this is the area between the consumption curve and the 

unrecovered power threshold, when consumption exceeds the threshold10. The figure below 

clarifies the principles of served energy and unserved energy. 

 

 

Figure 98 – Definition of distributed energy and undistributed energy 

For calculation purposes, ENEDIS considered that the incident could appear at any time of 

the year with equal probability. ENEDIS therefore calculated the potential undistributed 

energy for an "average" incident, if it had occurred in the given time interval. 

This principle, repeated over the entire two years, which is equivalent to (365+366)*24*6 = 

105,264 time intervals of 10 minutes11, made it possible to define the unserved energies for 

as many incidents appearing in each of these 105,264 time intervals. 

 

5. Step 5: Valuation of the undistributed energy (calculation of upper bounds) 

These unserved energies obtained are then valued via the ratio R [€/MWh] below.  

 

                                            

10 It should be noted that this principle is not applicable to the case of voltage constraints because 
the whole area is not always unserved energy. In such cases, the location of flexibility has a major 
impact on its usefulness for solving the constraint. 

11 2016 is a leap year and therefore has 366 days. 
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𝑅 = {
9 200 €/𝑀𝑊ℎ, 𝐸𝑁𝐷 < 30 𝑀𝑊ℎ

20 000 €/𝑀𝑊ℎ, 𝐸𝑁𝐷 ≥ 30 𝑀𝑊ℎ
 

 

These are the ratios used in planning studies at ENEDIS. It should be noted that this ratio has 

a technical reality only in the event of a future investment. The ratio is used to compare 

technical solutions with one another. If there is no grid reinforcement in the future (this is 

still the case on the NSV zones), this criterion does not represent the real costs for ENEDIS 

because there are undoubtedly less expensive temporary power restoration solutions.  

The results obtained were then averaged to obtain an annual cost, and then probabilized 

relative to the probability of obtaining the incident. Note that ENEDIS usually valorises the 

costs of a power outage for customers in planning analysis. This part has been ignored in the 

present study. 

The end result makes it possible to define an annualized upper bound of the value of an 

ideal flexibility system on the assumption of ideal flexibility, with: 

- Zero time lag for mobilization; 

- Capability for perfectly tracking the difference between the load curve and the 

limit power (i.e. a flexibility perfectly controlled by the constraint state); 

- Optimal reliability.  

Note that ENEDIS will also have to be capable of precisely defining and exploiting the form 

of flexibility useful for resolving the constraint. 

This method was applied on each zone of Nice Smart Valley. We will now see the results for 

the Carros zone. 

 

Conclusion 

The results of this study have shown that the upper bound of flexibility largely depends on 

the case considered.  

As explained in the introduction, only very low upper bounds of the flexibility value make it 

possible to conclude quickly. This is the case for the upper bounds at Carros and Guillaumes. 

In these cases, the upper bounds are so low that there is currently no use refining the value 

of a flexibility system. In the Isola zone, on the other hand, it can be seen that the upper 

bounds are very high. A detailed analysis of the value of a flexibility system therefore makes 

sense at Isola. 

After obtaining these results, ENEDIS is currently working on the methods of remuneration 

of a local flexibility system at Isola via calls for expression of interest. 
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4.2 Tools and processes 

4.2.1 NSV mechanisms (D9.4 reminder) and test plan 

Tests carried out 

The simulations in N-1 configuration highlighted constraints which made it possible to agree 

on types of products (time, duration, season, etc.) to be tested during the experiment 

periods (Cf.  deliverable D9.4 section 3.1.3). 

A test plan was therefore established in order to verify several aspects of the use of 

flexibilities:  

- Technical test of the complete chain thanks to planned activation ("product case" 

flexibilities). 

- Test of the mechanism, including forecasting tools (forecast chain case). 

The table below shows the forecast breakdown of calls for bids by type of call for bids 

(product or chain). 

Table 36 – Table presenting a breakdown of types of calls for bids 

Type of call for bids Breakdown as % 

Product 62 

Forecast chain 38 

 

Out of the 123 forecast time slots for calls for bids from September 2018 to November 2019, 

78 resulted in a bid actually activated by one or both of the two aggregators in accordance 

with E-Flex. 

 

Process 

Deliverable D9.4 section 3.3 explains the processes and the market design of the mechanism 

imagined within the framework of NSV. 

For reasons of cost and IT development time the process was partially tested during the 

experiments. Two flexibility activation scenarios in operation were identified:  

 The intraday scenario corresponding to the case of an unforeseen constraint 

(incident). 

 The D-1 scenario corresponding to the case of a foreseen constraint (works or 

incident). 

Only the case of the so-called "D-1 scenario" was implemented and tested in the field.  
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Below are the details of the D-1 process adopted during the experiments: 

 

 

 

 

 

 

 

 

 

The times take into consideration various logistic aspects: 

 Time Constraintsof Enedis:  

o The simulations in STC12 take place in the early morning for management 

planning13 of the MV grids. 

o The flexibility activations should be reported to RTE (French TSO) before 5.00 

pm (approximately). 

 

 Time constraints of aggregators:  

o For behavioural flexibilities, the flexibility activation requests had to be made 

before 5.30 pm to comply with the contracts established with the customers. 

o For not committed flexibilities there had to be a time lag of one hour14 between 

the calls for bids and receiving the bids so that the aggregators could check 

whether it was worthwhile for them to respond to the flexibility request or more 

interesting to keep those flexibilities for other markets.  

 

The step following the activations is for ENEDIS to check activation of the bids proposed by 

the aggregators. This is known as the service check. The principle is to apply 

mathematical/statistical methods in order to assess whether the activated bid was activated 

on the level proposed by the aggregator. In Nice Smart Valley, the service check was applied 

on the following different levels:  

For B2C customers, the service check was performed on the following levels: 

 By customer portfolio for each of the aggregators. 

 By MV/LV substation for substations having a number of customers exceeding 10. 

For B2B customers, the service check was performed on the following levels: 

 By customer portfolio for each of the aggregators. 

 By B2B customer. 

                                            

12 STC ("Simulateur de TéléConduite" or Remote Control Simulator): Tool enabling the Regional 
Management Office (RMO) to simulate estimated states of the grid at D-14/D-1 and in real time. 

13 Management planner: Forecasting tools enabling the RMO to operate the MV grid anticipating 
possible constraints. 

14 Times constraint during the project. In a real market mechanism, tools would be developed to 
reduce this period if needed 

Requests for bid 
activation in E-flex/Bid 

activated in E-flex 

End of receiving 
aggregators' bids 

Deadline for sending 
calls for bids by Enedis 

Simulation in STC 

Early in the 
morning 

2.30 pm 4.00 pm 5.00 pm 
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For reasons of quality of estimation of the future state of the grid, it is very much in ENEDIS' 

interest to have a maximum of details concerning the location of the activated flexibilities. 

This is because their location may have a very significant impact on the volume to be 

activated by the DSO15 to avoid a constraint. In order to achieve a maximum forecasting 

quality, ENEDIS would like to be able to apply the calculation of the activated volume on 

the level of an MV node, either a MV/LV substation or a MV customer. As a consequence of 

the location impact, the aggregators need a clear and transparent view on the merit order 

rules and results especially when price is not the only decision parameter. 

 

Note that in Nice Smart Valley, given the type of customers and the relatively small number 

of customers per MV/LV substation, it was not possible to obtain statistically reliable results 

at this level, hence the decision to calculate on a broader level (aggregator portofolio). 

The service check is sent to the aggregators each month.  

 

4.2.2 Automated activation process (ENGIE) 
 

Communication ENGIE - hybrid flexibility 

ENGIE is operating the hybrid flexibilities by sending orders to Topkapi, which is the SCADA 

chosen by GrDF to command the installations on sites. The communication is done by a 

webservice of API Rest type at JSON format. 

 When ENGIE receive the activation order from Enedis in day-ahead, ENGIE program 
an order to be send to Topkapi the day after, at precise start time of the flexibility.   

 In intraday, ENGIE send the orders to Topkapi of immediate activations of some sites, 
with duration 

 ENGIE receive acknowledgment (code API 200) 
 

Communication ENGIE – B2B flexibility 

ENGIE is operating the B2B flexibility through a box installed on site. This box can disconnect 

the site from the grid and start local generators that compensate the load of the site. 

ENGIE manage the box through GSM signal. The other connections are physical wire 

connections. 

 In day-ahead, before 8 pm, ENGIE inform the site by email/sms/call that there will 

be an activation the day after. No action is requested from the site, it’s only 

information.  

 ENGIE send the activation order to the dispatch tool in day-ahead (with start time for 

the day after) 

 In intraday, 4 min before activation, ENGIE notify the site again of the activation 
start 

 ENGIE dispatch tool send a signal GSM to the box to start activation, and to stop it 
when it’s time. 

 Just after activation, ENGIE notify the site of the activation end 
 

                                            

15 Appendix B of D9.5 describes in detail a study of the impact of flexibility location 
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4.2.3 Behavioural process (EDF) 
 

This section provides a description of the process related to behavioural flexibility, from the 

recruitment of the clients to the activation of the flexibility and the service check. 

All over the year, aggregators prospect clients that meet the requirements to operate 

flexibilities on the grid. The recruitment process is described on D9.2. The output of the 

recruitment process is a portfolio of clients committed to decrease their energy consumption 

at a pre-defined level and during specific periods of the day. The clients are acknowledged 

by the aggregator by email and SMS to activate their flexibility. 

In order to check the level of flexibility activated by the clients, the aggregator estimates 

the mean load during the period of the day when the flexibility is requested. This estimation 

is based machine learning methods applied to load curves provided by the DSO and external 

factors such as temperature. Service check is operational after a learning period of 2 months 

needed to perform the first calculation of the load reference.  

 

Process related to behavioural flexibility 

 

Step 0, Step 1: All over the year, aggregators prospect clients that meet the requirements 

to operate flexibilities on the grid. 

 

The recruitment process is described on D9.2. 

 

The aggregator defines with the customer the contacts to whom the messages will be 

transmitted. 

The load curve reference is based on the historical load curve communicated by the DSO for 

the customers. The reference is estimated using machine learning methods. Flexibilities are 

achievable after a learning period needed to perform the first calculation of the load 

reference. 

NB: 

As an important number of clients is necessary to provide a guaranteed volume of flexibility, 

the aggregator may have to use digitalized processes to gather maximum information at 

marginal cost. 

Flexibility prospection and subscription process could be bundled in an existing offer 

provided by the aggregator. 

Once the flexibility has been contracted with the customer, the aggregator updates its 

database.  

Day ahead Case: 

When the DSO confirms the activation of a flexibility product the aggregator informs the 

client that their flexibility will be activated. The message sent by the aggregator to the 

clients should contained the following information to maximize the chances that the 

flexibilities are activated according to the DSO requirements:  

- Period of activation of the flexibility (start date, end date) 

- Advices to reduce their consumption. 

The information is sent using SMS and email.  
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Flexibility check 

One week following the date of activation of the flexibility, the aggregator sends to its 

customers a report on their flexibility actions. 

Process flow 

Table 37 – Process flow 

Entry condition / Event Process / Action Exit condition 

Prospects Recruitment Eligible customers 
Eligible customers Subscription process 

The customer signs the 
aggregator contract 
(convention) : 
- GDPR compliance 
- Flexibility engagement 
 

Customer registered 

Registered customers Subscription process 
The aggregator sends a 
request to the DSO to 
retrieve the load curves of 
the customers 
 

The DSO acknowledges the 
aggregator that the request 
is being processed. 

 Platform initialization 
The aggregator integrates 
the customer in its flexibility 
products 
 

Flexibility products are 
updated with the customer 
flexibility characteristics 

The DSO acknowledges the 
aggregator that the 
customer data flow is active 

Platform initialization 
The aggregator collects the 
consumption data of the 
customer from the DSO and 
starts a learning process to 
estimate the customer load 
curve reference  
The aggregator sends a set of 
guidelines to the customer. 

The customer receives by 
email guidelines from the 
aggregator : 

- Terms of the contracts 
- Advices to reduce the  

consumption 
 

DSO confirms activation of a 
flexibility 
D-1 

Operational process (D-1) 
The aggregator notify the 
customers to activate their 
flexibilities by email / SMS 
 

The customers receives at 
D-1 an SMS and an email 
requesting the activation of 
their flexibility at D. the 
message should contain :  

- Start / End date of the 
activation 

- Advices to reduce their 
consumption 
The aggregator 
acknowledges the DSO that 
the activation is being 
processed 

 Operational process (D) 
The customer reduces its  
consumption on the period of 

NB: The aggregator is not 
acknowledged by the 
customer that he 
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day D requested by the 
aggregator 

effectively activated its 
flexibility. 

 Operational process (D + 1 
Week) 
The aggregator compares the 
flexibility activated by the 
customer with the load curve 
reference and send the 
results by SMS to the 
customer   

The customer receives a 
SMS that informs him with 
the result of his actions 

 Operational process (D + 1 
month) 
The aggregator aggregates 
the flexibilities activated by 
the customers during the 
month and send the results 
by email to the customers   

The customer receives an 
email that informs him with 
the result of his actions 
during the last month. The 
customer receives an 
incentive (smart points) 
according to its action. 

 Operational process (all the 
time) 
The aggregator performs a 
learning process from the 
previous service checks to 
adapt the characteristics of 
the flexibilities of the 
custormer 
 

 

 Operational process (all the 
time) 
The aggregator checks the 
validity of the customer’s 
contracts. 
If the contract is achieved, 
the customer is deleted from 
the platform and the 
aggregator updates its 
flexibility products. 

 

 Operational process (all the 
time) 
The DSO performs a service 
check for each activated 
offers and compares the 
results with the service check 
performed by the 
aggregator. 

 

   
 

4.2.4 ENEDIS tools 
 

Enedis has developed a platform entitled E-FLEX so that Enedis as DSO may communicate 

with the aggregators within the framework of a flexibility mechanism. This tool enables 

Enedis, via the RMOs (Control room agency), to call for bids from the aggregators in the 
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Cal for bids 

Bid 

Acknowledgeme

nt 
Activation request 

Acknowledgement 

event of a flexibility "need", to receive flexibility bids and, where appropriate, request their 

activation. 

The E-FLEX tool is a web portal which allows the technician in Control room agency to select 

grid zones on which he wants activation of flexibilities, to send calls for bids to the 

aggregators, to view the bids received in return, and finally to choose and request activation 

of the appropriate bids. Following the user's various decisions, the application sends XML 

messages 16to the aggregators.    

Communication between E-FLEX and the aggregators takes place via XMPP channels17. The 

message sent contains several items of information: 

- The relevant entities via a flexibility identifier which represents a single MV/LV substation. 

- The time range (start and end dates of a bid). 

- The power time series corresponding to the power guaranteed by the aggregator versus time. 

- The price of reliability. 

- Activation constraints, due to implementation times. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 99 - Diagram of XMPP communication sequence 

 

E-FLEX can also manage geographic areas, which ensures sending to the right aggregator 

depending on the chosen bid and the associated area. It allows the customers recruited by 

the aggregators to be managed with their dates of consent to use of their metering data to 

ensure compliance with the regulations. The grid level for which an aggregator can make a 

bid is the secondary substation in Nice Smart Valley. Each flexibility zone breaks down into 

flexibility entities, each characterized by a combination of aggregator and MV/LV substation. 

As a consequence, communication with the aggregators takes place based on flexibility 

entity codes so that the aggregator may understand the flexibility zone corresponding to 

                                            

16 XML messages: Type of text message, which imposes very specific rules of syntax. 

17 XMPP (Extensible Messaging and Presence Protocol): set of protocols for instant messaging, used on 
E-FLEX to send messages in XML format 

E-FLEX Aggregator Enedis (RMO) 

Request call for bids 

Activation request 
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Enedis' need. When a delivery substation is recruited, it becomes associated with a flexibility 

entity, implicitly associated with an aggregator and an MV/LV substation. 

A call for bids is made at the level of one or more MV/LV substations, which represents the 

zones where Enedis is looking for flexibility. The aggregator receives the message calling for 

bids and if he wishes sends bids in response to the need. E-FLEX then replies with an 

acknowledgement. The operator then requests complete or partial activation of the most 

technically and economically appropriate bids to resolve the constraints. Finally, the 

aggregator replies to the activation request by accepting or refusing in the form of an 

acknowledgement. 

 

 

 

 

 

 

 

 

 

 

Figure 100 - Diagram of interactions with EFLEX 

 

After the NSV project, additional new functionalities are developed for the use of subsequent 

projects, based on the project feedback. They concern, in particular, integration of the 

service check, which is the final stage in the flexibility market process. This is the stage of 

verification before invoicing. 

4.2.5  ENGIE tools 
 

The solution that ENGIE installs on customer premise is not to be displayed in this report. 

Beyond this ENGIE has implemented a solution making it possible to automate the entire 

process involved in the bidding process, from the reception of the request from ENEDIS to 

the activation order sending. 

 

ENGIE has developed an interface between the aggregation platform and E-Flex using the 

communication protocols and data models required by the DSO. 

 

The XMPP protocol is used to transport the messages exchanged between the E-Flex platform 

and the ENGIE flexibilities aggregation platform. The modelling of exchanged data and the 

permissible operations within the framework of the functioning of a flexibilities market are 

based on the CIM-Market V2 profile approved by ENTSO-E. 

4.2.6  GRDF tools  
 

E-FLEX 
Aggregator  

RMO 

XMPP 
chan

nel 

HMI 
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Means used (specification, exchanges based on market standards, upstream testing, 

development and mechanisms)  

Remote control 

For the first time in France, a remote control has been built in order the manage gas 

appliances to generate electric flexibility for the local network. New tools have been 

introduced to make this experimentation possible.  

Gas installations deployed in Nice Smart Valley meet consumer needs (need for heating and 

/ or refresh) and must also be able to respond automatically to the flexibility calls from the 

electricity system operator (Enedis) via aggregators. Following customer recruitment, a first 

step was to design the appliances according to customer needs. This step is critical and 

determines the size of the installation, according to demands of heat and / or cold. A 

feasibility study also complements the process to analyse the positioning of the installation 

and the organization of the entire chain. These studies, co-financed by GRDF, were 

conducted by specialized consulting firms. 

Once known the sizing of the installations, it was necessary to contact the manufacturers. 

Indeed, the autopilot facilities via a dedicated communication channel (see paragraph 

4.4.3.) and developed as part of Nice Smart Valley, is facilitated by accessing the data 

recorded by these systems. The manufacturer of the hybrid boilers refused to provide access 

to the control program of technologies in the project. 

Table 38 – Appliance manufacturers 

Appliance Manufacturer 

Hybrid boiler Saunier Duval 
Hybrid Rooftop ETT 

CHP Cogengreen 
 

o Hybrid boiler  

The control of the flexibility by the aggregator is activated by sending a signal from the 

controller to the coil of a contactor of the heat pump. The power supply/breaking of this 

coil have the effect of activating/de-energizing the heat pump. The cut is then processed 

by the regulation of heat pump GENIA AIR thanks to the Examaster, which puts the boiler 

into service.  

This piloting, which can seem simple to implement, asked the exploration of various other 

unsuccessful leads that will now be discarded such as: erase based on the heat pump 

coefficient of performance (COP) or clearing the power section only of the heat pump. 

For the 10 sites of the consumer market, a specific instrumentation is added by Suez. Saunier 

Duval is the only manufacturer of the project who refuses to give access to the data recorded 

by its systems.  

In order to monitor the operation of installations remotely and in real time, metrology has 

been deployed on the facilities:  

 Thermometer for external and internal temperature  

 Gas meter at the entrance of the installation 

 Thermal meter at the output of the installation 

 Secondary heat meter (optional) 

 Additional heat meter for reversible sites 

 General electric meter 
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 Electric meter on heat pumps  

This metrology was thought by Suez Smart Solutions accompanying GRDF in the design and 

operation of the communication channel and by CRIGEN, Engie research center, which tracks 

the sites and analysing data received during testing.  

 

Figure 101 - Example of the installation for a non-reversible hybrid boiler 

 

o Hybrid rooftop 

In the case of the Rooftop Hybrid, a flexibility activation causes a compressor shutdown and 

the start-up of one, two or three boilers. This feature is already available at ETT appliance 

under the name of the disengagement and access is given to the project. The automaton 

then activates the control on the Rooftop automaton allowing the activation and 

deactivation of the flexibility. 

The ETT manufacturer allowed the project to limit the addition of on-site metrology. In fact, 

in the case of the hybrid rooftop, all the operating data measured by the sensors that already 

equip the product and participate in its regulation are made available to the project. 

o CHP 

In the project, the start and stop safety phases are ensured by the Cogengreen automaton. 

The temperature sensor introduced into the buffer tank allows the start of cogeneration and 

the return sensor helps to keep the motor from overheating. However, the modulation of 

the power is controlled via the 4-20mA signal thanks to the WIT automaton. 

In the heating season (November 1 - March 31) in order to leave the cogeneration free to run 

at 100% during the day (6h-18h), the controller sends a 20-mA signal (100%). At night (18h-

6h), the controller sends a 60% signal every day except when activation by the EDF 

aggregator is in progress, in which case the signal goes to 100% activation time. During the 

heating season, start-up and shutdown are managed by cogeneration, and set by the WIT 
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controller. And out of the heating season (April 1st - October 31st), cogeneration is shut 

down. 

The Cogengreen manufacturer allowed the project to limit the addition of on-site metrology 

by giving it access to the system's Modbus tables. Indeed, gas engine cogeneration already 

has the sensors that allow the manufacturer to visualize the operation of his system. 

Amenities 

While the client recruitment was carried out by GRDF, technology installation was done by 

gas experts (PG) which are authorized installers for gas technologies. As part of this 

experimental project, GRDF contributed financially to the purchase and technology 

customer installations. 

End customers are mainly in contact with the PG who remain their main interlocutors in case 

of need on the machines. An aggregation contract between customers and aggregators of 

projects (EDF & Engie) was signed. 

Testing phases 

Before the experiments, many tests were conducted to verify proper operation of the 

communication chain and facilities and make necessary changes. These tests were carried 

out on the entire chain, from demand flexibility Enedis to the effective implementation of 

the gas facilities. This experimental project is a first, multi-phase tests were needed to 

make it operational. 

4.2.7 EDF tools 
 

EDF has implemented a solution making it possible to automate the entire process involved 

in Use Case 3, from the reply to the request for flexibility by E-Flex through to its activation 

and the production of personalized reports following a service check. 

 

To do so, EDF has developed an interface between its aggregation platform and E-Flex using 

the communication protocols and data models required by the DSO. These protocols inherit 

recommendations from OpenADR and ENTSO-E. 

 

The XMPP protocol is used to transport the messages exchanged between the E-Flex platform 

and the EDF flexibilities aggregation platform. The modelling of exchanged data and the 

permissible operations within the framework of the functioning of a flexibilities market are 

based on the CIM-Market V2 profile approved by ENTSO-E. 

 

To automate the activation of flexibilities, EDF has developed communication interfaces 

that can be used to activate the various sources of flexibilities. These interfaces depend on 

the flexibility activation characteristics: 

 

 For behavioural flexibility, the platform sends an email and an SMS to the customer 

in question. 

 For managed flexibilities, the communication mode depends on the management 

solution implemented by the third party operating the flexibility. The 

communication procedures are described in the following sections. 

The platform is evolving, and allows the integration of new sources of flexibility at a marginal 

cost. The following sections describe the detailed content of the platform (functional 

architecture) and the interfaces which have been developed for the NSV project. 
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4.3 Results and KPIs 
 

4.3.1 Recruitment, customer support and offers  
 

4.3.1.1 EDF 

Our recruitment of private customers began at end-May 2018 and stopped at end-May 2019. 

In deliverable 9.2, on 20 June 2018, we announced 206 intentions to participate, and 29 

signed agreements. After all the efforts made to boost recruitment, on 30 May 2019 we had 

471 private customers who had expressed an interest in this experiment and more than 220 

signed experiment agreements. Regarding businesses, on 20 June 2018 only 1 firm had signed 

the agreement, 5 firms were in the process of signing, 7 firms were hesitating and 2 firms 

were thinking about it. At 30 May 2019, 6 local firms (Schneider Carros, Sofia Cosmétiques, 

Paindor, Augier, Régie Eaux d’Azur, One Too) complying with the eligibility criteria to take 

part had committed themselves alongside us to perform full-scale testing of new solutions 

to enable the distribution grid to adapt to coming changes and build the cities of tomorrow. 

The 7 hesitant firms and the 2 firms in the process of reflection never followed up our 

reminders. 

 

Also, the Nice Matin company committed itself with us to test a Vehicle To Home/To Building 

use case. 

For its participant firms, EDF offers their employees training in eco-/flexi-gestures to raise 

their awareness of the purpose of this experiment. The firms also received a communication 

guide to publicize their involvement in NICE SMART VALLEY internally and externally, an 

"engaged in Nice Smart Valley" logo, and a flexibility diploma to reward their involvement in 

this experiment. This diploma is valid only throughout the duration of the Nice Smart Valley 

experiment. 

B2C recruitment and KPIs 

As specified in deliverable 9.2 and recalled in section 4.1.2 of that deliverable, various 

recruitment channels were activated in 2018. But faced with the low recruitment rate, we 

decided to use a means of recruitment closer to people. Since flexibility concepts are hard 

to understand, a proximity relationship to speak of Nice Smart Valley proved very positive  

As at 30 May 2019, 179 private experimenters were carrying out action days to lighten the 

load of the local electricity grid. 

 

Focus on the HAPI recruitment operation: 

The travelling instructive housing unit (HAPI, for 'Habitat Pédagogique Itinérant') is a 

container fitted out to receive citizens to provide them with simple, practical advice 

allowing real savings to be achieved on electricity bills. The HAPI unit can also be used to 

combat fuel poverty, and it informs citizens of arrangements such as the Energy Cheque that 

have been adopted. Since the HAPI unit has proved itself by making visitors and local 

authorities more aware of eco-gestures, EDF has sponsored several HAPI operations as part 

of the Nice Smart Valley project. Speaking of the Nice Smart Valley project within the 

framework of this device was perfectly compatible with raising citizens' energy awareness. 

The link between the educational objective of the HAPI device and the Nice Smart Valley 

experiment is the behavioural aspect: with HAPI I learn eco-gestures, with Nice Smart Valley 
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I do flexi-gestures. In both cases, we encourage people to change their behaviour. We 

therefore used the HAPI unit to improve our recruitment. 

5 HAPI operations took place: 

 from 26 to 30 November 2018 in Pugets at St Laurent du Var.   

 From 1 to 7 December 2018 in Carros. 
 From 28 January to 8 February 2019 in Carros. 

HAPI recruitment was done during the daytime. It therefore contacted a more elderly 

population (65% pensioners, 35% working persons). The HAPI unit was set up in districts fully 

equipped with electricity, with a high proportion of social housing. This operation also took 

place in the context of the "yellow jackets" movement highlighted the loss of purchasing 

power. The government rebounded by raising the minimum social welfare benefits, including 

the Energy Cheque, so people felt concerned by our HAPI operation. Therefore, many people 

came.  

The town of Saint-Laurent du Var, Pugets district, was chosen to perform the first HAPI 

recruitment operation. Not only does this zone form part of the experiment zone, but also 

the inhabitants of the district already knew the HAPI, which had come there several years 

earlier. 

The town of Carros was chosen because practically all the zone was concerned by the 

recruitment. We were supported by the local social network to present the HAPI and the 

Nice Smart Valley recruitment operation. It was nevertheless necessary to win people's 

confidence. 3 HAPI operations were needed in the Carros zone to be effective. The presence 

of recruiters when the mayor of Carros presented his New Year wishes also boosted 

recruitment. The people in Carros were more focused on new energy sources and asked more 

relevant questions regarding the energy transition. 

 

  



D9.3 Demonstration results based on the KPI measurements  
and lessons learnt from the demonstrations 
 

 

InterFlex – GA n°731289  Page 146 
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Figure 102 - Press releases of the HAPI operation in Carros 
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Figure 103 - Communication regarding the HAPI operation in Saint-Laurent du Var 

 

B2B recruitment and KPIs: 

Since the first B2B recruitment results presented in deliverable 9.2 (section 4.3.2), 6 firms 

have signed the experiment agreement for 8 sites which will take load shedding action 

(including two firms that have already taken part in the Nice Grid experiment (Grid4EU 

European project). As specified in deliverable 9.2, the firms were not interested in taking 

part due to the lack of remuneration. However, the 6 firms which agreed to take part are 

deeply involved. They regularly send us requests for precise details concerning the load 

shedding review sent no later than five days after the action days. They were all present to 

take part in the showroom visit in early July 2019 and all gave us very positive feedback on 

the experiment. They are all prepared to have their name circulated in the project's 

communication campaigns. 

 

      

Figure 104 - Firms taking part in the Nice Smart Valley project 

 

 

B2C coordination: 

Throughout this experiment, EDF assists private customers in performing flexibility gestures 

by means of a relationship management programme: experimenter guide, announcement of 

action days by sending concrete examples to perform flexibility better, programme of 

rewards for flexibility efforts made (award of smart points as described in deliverable 9.2, 

section 3.3) and support for local non-profit organizations (Fondation de Nice, Uniscité, 

Habitat et Humanisme), newsletters, platform dedicated to the experiment so that 
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participants may express their views on their reasons for taking part in this experiment, 

what they understand about it, the actions they perform, etc. 

The experimenter guide was sent by post and by email to all the participants. 

 

    

Figure 105 - The 7-page experimenter guide (excerpt below) 

    

 

Figure 106 - Instructive emails to announce the action days 

For each request, we propose a different instructive sticker. We will have produced as many 

stickers as the customer requests, i.e. a total of 60 stickers. 

 
Figure 107 - Example of stickers sent when announcing a request the day before for the next day 

(D-1) 
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Figure 108 - Regular newsletters 

 

A platform dedicated to the Nice Smart Valley experiment allows the experimenters to 

express their views on this experiment. There they find a news feed, but also a space to give 

their opinion and make suggestions regarding the experiment. 
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Figure 109 - A platform dedicated to the experiment and an email address: nicesmartvalley@edf.fr 

 

 
An SMS And an email 

 
 

Figure 110 - A review no later than five days after the request to inform the experimenters of 
their effort 

 
 

 

 

 

 

 

 

 

 

TOTO50 
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This more comprehensive review, sent to 

the experimenters by email once a month, 

makes it possible to have an equivalence of 

their efforts (expressed in power) in 

consumption avoided during activation 

periods. It also gives the results obtained for 

the whole community of experimenters, 

and makes it possible to project the result 

obtained for the whole PACA region 

(Provence Alpes Côté d’Azur), if all the 

inhabitants had made the same effort. Via 

this review, we have tried to illustrate the 

fact that an individual effort has little 

value, but efforts made collectively are 

more visible. 

Figure 111 - A more detailed monthly review 

sent by email 
 

 

 

The participation of 3 non-profit organizations  

 

At the start of the experiment, we had proposed to the experimenters converting their Smart 

Points into a financial endowment for an innovative project in the Nice Côte d'Azur 

Metropolis. 

The metropolis was unable to help us find an innovative project, so we called on the 

personnel of Solidarité Méditerranée to find organizations to take part in the experiment. 

Three non-profit organizations volunteered. The experimenters had to choose an 

organization that they wanted to support. The Smart Points collected by the experimenters 

TOTO50 
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during the action days will enable them to win personal rewards but can also be awarded to 

the organization supported. The organization supported by the experimenters which has won 

the greatest number of Smart Points at the end of the experiment will be awarded a final 

reward. 

 

 
Figure 112 -The three participant organizationss 

 

 

Figure 113 - Illustration of the relationship management programme viewed as a whole 

 

 

B2B coordination 

 

EDF also supports the business customers recruited for this experiment. First, EDF offers 

them free training for the firm's employees, to raise their awareness of eco-gestures and 

flexi-gestures to be performed in the context of this experiment. A communication kit was 

also sent to them, to enable them to communicate internally and externally regarding their 

involvement in Nice Smart Valley. The firms are also notified of action days by the sending 

of an email and an SMS message. And, like the private-customer experimenters, the firms 

also receive an individual review of their load shedding no later than five days after the 

request. A final review will be sent to them individually at the end of the experiment. The 
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mailto: mailbox is also made available to them to enable them to express their views on the 

experiment and provide us with feedback on their load shedding efforts. And lastly, on 2 

July 2019 all the participant firms were invited to the Nice Smart Valley showroom to 

discover the use cases investigated in the Nice Smart Valley experiment, via innovative 

virtual and augmented reality technologies. 

 

Training in eco-gestures and flexi-gestures: 

This training, offered free of charge to the participant firms, enabled us to speak about the 

Nice Smart Valley project to their employees, to speak to them about their firm's 

involvement and its commitment. It enabled the employees to better understand the 

implications of energy management. Eco-gestures should not be confused with flexi-gestures 

which should be applied in the context of this experiment. A distinction between the two 

concepts was explained by means of tangible examples.  

 

   

 
Figure 114 - Training in eco-gestures and flexi-gestures 

 

The  communication kit: A communication kit was sent to the participant firms in May 2019. 

This kit will serve as a guide for them throughout the experiment. 

It comprises:  

 A summary of the Nice Smart Valley project. 

 Two main chapters to publicize their engagement in NICE SMART VALLEY internally and 
externally 

 The "Engaged in Nice Smart Valley" identifier that they will be able to use in their 
communications.   

 

    

Figure 115 - communication kit for B2B participant 

 

 

mailto:
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The flexibility label: 

 

This label, developed with the help of building research centre CSTB (Centre Scientifique et 
Technique du Bâtiment), evaluates the level of reflection and involvement of the site 
manager to identify its flexibility potential and discover sustainable potential sources of 
energy savings. It can measure the site's capability to reduce its electric power for some 
time following a signal communicated in advance by EDF. This is done by actuating one or 
more electrical equipments (power shift, power cut, power reduction)   
 
This label allows: 

 analysis of the firm's electricity contract, and enables it to ask itself the right 
questions: is the contract power appropriate for my site(s), etc.; 

 analysis of the electrical equipment subject to load shedding (lighting, heating, air 
conditioning, processes) in accordance with the seasons indicated by EDF – see table 
above; 

 analysis of the means employed to carry out the load shedding requested by EDF 
(manual / automatic / appointment of an expert for monitoring / level of impact of 
load shedding for the firm). 
 

Once all these issues have been examined by the firm, the label is distinguished by a score 

in the form of stars (from 0 to 5) and is materialized by the submission of a diploma.  

 

Figure 116 - Flexibility diploma 

 

NOTE: This label is used and is valid only within the framework of the Nice Smart Valley 

project. 

 

Visit to the Nice Smart Valley showroom: 

We used the showroom, located on Promenade des Anglais, to carry out a communication 

campaign with business customers on 2 July 2019. The objective was to:  

 give a reminder of the objective of the Nice Smart Valley experiment; 

 present the first "load shedding" results to the firms; 

 discuss the project communication kit which was sent to them in May 2019; 

 hand out "flexibility label" diplomas to them; and 

 discuss good practices.  
 

All the firms attended.  
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Figure 117 - Meeting of 2 July in the Nice Smart Valley Showroom with the participant firms 

 

4.3.1.2 ENGIE  

The obtained results are sensitive in the given competitive environment and are therefore 

not publicly disclosed. A comprehensive summary is provided hereafter whereas the full 

results will be made available to the European Commission upon request. 

Recruitment review: 

 10 B2C customers : equipped with hybrid boilers 

 2 B2B customers : 

o 1 customer equipped with back up engine 

o 1 customer equipped with hybrid rooftop 

The total flexible power of ENGIE is 630 kW 

NB: Electricity storages (batteries) have not been used in the frame of the local flexibility 

mechanism. 

ENGIE's recruitment efforts were carried out on B2B clients. About a hundred customers were 

approached to participate in the experiment according to the offer presented in deliverable 

9.2.  

In general, customers were interested in energy efficiency offer aimed at reducing their 

consumption. The value of flexibility is only of financial interest. The environmental impact 

being little understood by customers. 

Feedback on the low rate of customer agreements (for details, see the  

 Low remuneration : no customer appointments 

 Complexity of the offer: long duration to explain to the client vs. low remuneration  

customer disengagement and lack of answers to technical questions necessary to assess 

flexibility potential 

 Perceived high risks, due to automation, for the customer's process vs. low 

remuneration 

 Centralized decision-making process; decision-makers difficult to mobilize 
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4.3.1.3 GRDF  

At the beginning of the project, the aim of GRDF is to provide aggregators with 150 kW 

electrical powerof gas/electrical flexibilities. A specific recruitment process has been set 

up and is described in deliverable 9.2. GRDF was looking for different types of clients to 

implement the technologies: individual houses for hybrid boilers, multi-family dwellings, 

tertiary or industrial buildings for micro or mini-CHP units and tertiary or industrial buildings 

for hybrid rooftop units. As the gas/electrical flexibilities required an important investment 

on customer’s side, a specific subsidy provided by GRDF was allocated to the customers in 

order to accelerate the recruitment. 

Finally, the recruitment process ended with:  

 10 B2C customers equipped with hybrid boilers representing a total of 15 kWe of 

flexibility; 

 1 B2B customer for a hybrid rooftop unit with 85 kWe of flexibility; 

 1 B2B customer one for a mini-CHP unit with 70 kWe of flexibility.  

 

In total, the volume of the potential of the gas/electrical flexibility is about 170 kWe, 

13% above the initial target.   

 

 

 

4.3.2  Activation results 

4.3.2.1 ENEDIS Service check 

Electricity System Players are considering the appropriate way to check the implementation 

of consumption load shedding, i.e. to check that an activated load shedding operation has 

actually been performed, and that its "depth" is in line with what was expected. Enedis is 

very directly concerned by this subject relating to: 
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 grid security: poorly controlled load shedding can, through very drastic variations in 

power demand on the local level, detract from the quality of voltage delivered on the 

grid, with impacts on the equipment and customers; 

 its business as manager of the public electricity distribution grid. Buying flexibility 

represents an interesting solution for handling grid congestion and for optimization of 

investment decisions. Article 199 of the Energy Transition Act, moreover, offers the 

possibility of experimenting with this type of solution.  

 

Against this backdrop, Enedis has contributed for several years now to the work of the 

"Service Check" Working Group of the Commission d’Accès au Marché (CAM: market access 

committee) to establish robust and effective load shedding service check methods. In 

particular, in 2013 Enedis proposed a method for calculation of a benchmark consumption, 

called the sample groups method, applicable to the mass market, and more recently the 

very similar SARIMAX and k-nearest neighbour methods applicable, for their part, to the 

business market (industrial and service-sector facilities). 

 

Experimentation on these methods so that they might be "certified applicable" within the 

framework of market mechanisms is planned as part of protocols for which the conditions 

are undergoing discussion with RTE. 

 

However, experimental fields outside of market mechanisms constitute an opportunity for 

Enedis to move forward and evaluate the potential of these methods without waiting.  

The detailed presentation of the method used and of their performance in the frame of NSV, 

as well as the results of flexibility activations performed are available in Appendix E. 

 

Outlook on the conclusions: 

The data on the load shedding performed within the framework of the Nice Smart Valley 

demonstrator are rich material for work on improving load shedding service check methods. 

The processing work on these data thus confirm the potential of the sample group for B2C 

customers and k-nearest neighbour methods for B2B customers to enrich the catalogue of 

applicable methods for valuing load shedding within the framework of market mechanisms 

and local flexibility services.  

Incentivized residential load shedding operations are on average not very visible, whereas 

the evaluation of the benchmark curve (sample group methods) gave an accuracy between 

7% and 8% for a profolio of 180 customers.  

The residential load shedding operations managed by Engie are slightly more visible, 

although with highly variable effects over time due to the small size of the perimeter 

(leading to low performance of sample group method: up to 20% for a portfolio of 10 

customers). 

The observed effects of B2B load shedding are variable, not always visible as could have 

been expected. The activation of cogeneration worked, resulting in a localized increase in 

the injected power. Finally, application of the methods on the B2B area was able to confirm 

the superiority of the k-nearest neighbour method over the SARIMAX method. Under these 

conditions, the k-nearest neighbour method is now the method proposed by Enedis for 
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application within the framework of market mechanisms for industrial and service-sector 

sites. 

4.3.2.2 Results of ENGIE experiments  

4.3.2.2.1 B2B customer 

The activations performed were successful. 100% of ENGIE's solicitations were followed by 

activations. Activations from generators have the advantage of being reliable and long-

lasting. On the other hand, such flexibilities emits CO2 (diesel generator). 

 

Figure 118 - Deletion performed 

 

From operational point of view, the available flexibility changes over time (see Figure). The 

aggregator must therefore forecast the customer's load curve every day and propose a 

different volume to the DSO according to the activation times. 

In the event of aggregator's commitment to the DSO, in order to minimize the cost of 

contractualisation, the power committed must be able to change each week, depending on 

the type of day (week/weekend) and the type of time. 

Due to the small number of clients involved at local level, it is complex to provide a very 

precise reference curve for B2B clients. 

 

 

Figure 119 - Average curtailed power (kW) 
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4.3.2.2.2 Hybrid B2B client (rooftop on gymnasium) 

 
Carrying out curtailments 
 
ENGIE have sent around 100 activation orders in 2019, in response to or in addition to 
requests from Enedis (process D-1). 
 

Only about 20% have implied a decrease and then an increase in the PAC (heat pump) power, 

which can be considered as an achieved curtailment. 

For the others: 

o Technical problems of the control command solution implemented by GRDF 
 or no data has been reported (TOPKAPI issues): 45%. 
 either the activation order is not received: 1%. 
 either it is received but does not impact the heat pump: 4%. 
o Flexibility potential too low: 
 either the heat pump power value is zero (no need for heating or problem on the 

installation): 40%. 
 either it is partially null, at the beginning of the order or at the end of it: 10%. 

 
 The 2 main issues are the unreliability of the SCADA Topkapi and the fact that the load 

can’t have been anticipated precisely because of the small number of customers. 

However, those issues are specific to the experiment and not to the technology. 

 

 

Analysis of the curtailments carried out: 

The rooftop works on weekdays, from 9 am to 7 pm. It generates heat or cold, functions of 

consign temperature in the gymnasium. Its power consumption is comprised between 13-75 

kW (13 kW is requested for ventilation whatever the heat need).  

 

Figure 120 - Load curve over 15 days 

 

When orders are sent, the heat pump is interrupted and the gas boiler starts. It was not 

possible to test curtailments during coldest winter months due to late operational 

implementation in early 2019, and SCADA issues at the end of 2019. Nevertheless, 

curtailments were made and some conclusions were drawn : 

 We can notice that real averaged COP is generally 30-40% lower than theoretical 

COP for a given exterior temperature, due to transition phases and “unperfect” 

conditions. 
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 Given low effective COP values, it is often cheaper to use gas than power to heat the 

building, meaning that in real condition there should not be flexibility available (see 

economical analysis in §4.1.5) 

 During curtailment in heating mode, the impact on ambiant Temperature remains < 

1°C, which means that gas boiler compensate well heat pump power for heat 

generation. Curtailements can last very long time as their impact is economic and 

not about client comfort. 

 During curtailment in cooling mode, the impact on ambiant Temperature is about 

+1°C/h, which means that maximum flexibility duration is 2h 

 The SCADA is not reliable enough. 

 The load of the heat pump can’t be predicted precisely enough so flexibility can’t be 

forecasted. A longer history would have been necessary to establish correlation 

between consumption and exterior temperature forecast. Morevover it would have 

been useful to know the consign temperature (chosen by the client) in the building.  

 

NB: Curtailments have only been recorded at a time step of 10min. A 1min time step was set 

up in the summer of 2019, but the SCADA has been out of order since September, so no data 

could be analyzed since then. 

 

Here is a comparison between declared and measured characteristics of hybrid B2B 

flexibilities: 

o Ramp-up: 10 min for heat pump, 4 min for boiler.  

o Minimum duration: 30 min 

o Max duration: unlimited (T° variation < 2°C) 

o Delay between 2 activations: 10 min 

o Flex: 42.9 kW.  

 Maximum value depending of client consumption  

 

 

Illustration :  

A curtailment was performed on 09/05, with data recorded every 10min: 

 

Figure 121 - Realized 1h curtailment (heat pump load in blue, flexiblity order in green) 
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Figure 122 - Ambiant T°(blue) and Exterior temperature (green)  

 

4.3.2.2.3 Hybrid B2C customers 

Carrying out curtailments: 
 
On B2C sites, we sent around 100 activation orders in 2019, in response to or in addition to 
requests from Enedis (process D-1). 
 

Only 10% involved a decrease and then an increase in the heat pump power, which can be 

considered as an achieved curtailment. The explanations are the same as for the rooftop, 

with less reliability of the installation and of its control.  

 The 3 mains issues are the unreliability of the SCADA Topkapi, the fact that the load 

can’t be predicted precisely, and the fact that the installations were often not 

functional. 

 

Analysis of the curtailments: 

 Given uncertainties on heat pump functioning (cycling, heat need specific for each 

client, technical issues…), it is impossible to predict flexibility potential and to 

calculate curtailed energy a posteriori.  

A bigger pool of clients should be necessary to estimate reference consumptions and 

curtailment calculations.      

 

 We can notice that real averaged COP is generally 10-20% lower than theoretical 

COP for a given exterior temperature, due to transition phases and unperfect 

conditions. This has an impact on the cost of flexibility and business model 

associated. 

 

 The flexibility timing characteristics are the following:  

o When a heat pump receives an order OFF, the activation is immediate (<= 1min, 

which is step of data acquisition).  

o When a heat pump receives an order ON, the activation takes about 5 min.  

o We can notice that there is a delay in the command chain when sending orders to 

several heat pump, leading to a delay of 7 min between the first heat pump 

activated and the last one.  
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 During curtailment, the impact on ambiant Temperature is far below 2°C, which 

means that gas boiler compensate heat pump power for heat generation. 

 

Here is a comparison between declared and observed characteristics of hybrid B2C 

flexibilities (hybrid technology + SCADA): 

o Ramp-up: immediate  

 Rather: < 1min down, 5min up 

o Minimum duration: 30 min 

o Max duration: unlimited (T° variation < 2°C) 

o Delay between 2 activations: 1h 

o Notification delay (between activation order and beginning of ramp-up): 3 min  

 No : Topkapi doesn’t allow to notify a delay between activation order and 

beginning of ramp-up. The activation order is sent in real time to Topkapi.  

 However there is delay between sending of orders and reception by Topkapi, that 

can reach 7 min. 

o Flex: 1-2 kW.  

 Maximum values depending of client consumption. Availability issue when 

temperature is high ; however in this case, the DSO needs should also be low. 

 

Conclusion:  

Hybrid technology has the characteristics necessary for valorisation on different market and 

ancillary mechanisms (except primary reserve). However, it should be associated with a 

reliable SCADA system, the number of aggregated customer should be large enough, and the 

consumption of these customers should be more accurately predicted.   

 

 

Illustrations : 

An activation order was sent to the 10 sites on 17/05/19. Here is the impact on the aggregate 

curve and the detail per site: 
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Figure 123 - Curtailment impact on aggregated load (heat pump load in green, total site load in 
blue) 
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Figure 124 - The heat pump load for each of the 10 clients on 17/05/19 
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Note for this example : 

- The heat pump power curve is cyclic so curtailed energy can’t be calculated as a 

power decrease multiplied by a duration (SITE 1-2-7). 

- Most of the heat pump are not working, some of them because there is no need for 

heat (SITE 4-5-6-9-10) 

- Some heat pump are off just before the activation (SITE 3-8). It is therefore impossible 

to know if they would have started during the flex period or not. 

4.3.2.3 Results of the EDF experiments (behavioural flex prediction models, end-to-

end operation, service check). 

Load shedding calculation method 

To calculate a load shedding operation, we use a method developed and patented by R&D. 

To evaluate the level of each load shedding operation, this method uses past load curves,  

measured temperatures, the type of day and other exogenous factors. This algorithm is used 

for each load shedding period and for each site. 

The algorithm has already been used by EDF for other studies and is covered by a patent 

registration. 

Overview of load shedding periods according to flexibility 

Table 39 – Summary of activations according to the season and time range (they are identical 
during the week and on the weekend)  

Summary of activations according to the season and time range (they are identical during the week and on the weekend) 

Period 6h_8h 8h_12h 12h_14h 14h_16h 16h-17h 17h_18h 18h_19h 19h_20h 20h_6h00 

Summer  B2C X B2C / B2B X X X B2C B2C X 

Winter B2C X B2C X X X B2C / B2B / Coge / V2H1 B2C / B2B / Coge   B2B / Coge  

Shoulder period B2C X B2C X B2B B2B / V2H2 B2C  B2C  X 

1 - Only during the months of November and December                           2 - Only during the month of October 

 

B2B: Business customers 

B2C: Private customers 

V2H: Vehicle to Home (charging and discharging) 

Coge: Cogeneration 

4.3.2.3.1 Study of B2C sites 

Introduction: 

We decided to deal only with the activations over one calendar year, from 1 October 2018 

to 30 September 2019. Over this period we sent 49 activation requests to the experimenters, 

all at D-1. During the experiment and for each activation request, the experimenters were 

able to perform load shedding over three 2-hour periods (6h_8h, 12h_14h and 18_20h). 

Insofar as possible, we asked them to comply with them all and, if not, to choose 1 or 2 

at each activation request.  

We have 186 sites with load shedding. We eliminate the 7 experimenters which left to 

competitors during the study, so there remain 179 experimenters with data up to the end of 

September 2019. 
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The 179 experimenters were not all recruited from the outset, so they will not have all 

received the same number of activation requests. We sent a total of 6,672 activation 

requests to our 179 experimenters, which therefore represents 20,016 load shedding periods. 

For each of the experimenters, there are 3 load shedding periods for at most 49 days of 

activation requests (the number of days depends on the date of the experimenter's 

recruitment). On 8 and 14 December 2018, in the 6h-8h time slot, we had data transmission 

problems, and we will have no results for these periods. 

In the following table, we show for each month the number of experimenters recruited and 

subjected to activation requests. We note (in red) that only 56 experimenters (31%) began 

the experiment from the outset. We had 70% of experimenters recruited by the end of 

February 2019. 

Table 40 – The number of experimenters recruited and subjected to activation requests per month 

Date 
Number of experimenters 

recruited during the 
month 

Cumulative total 
number of 

experimenters  

Cumulative percentage of 
experimenters entering the 

experiment 

At end-October 2018 56 56 31% 

At end-November 2018 5 61 34% 

At end-December 2018 37 98 55% 

At end-January 2019 18 116 65% 

At end-February 2019 10 126 70% 

At end-March 2019 38 164 92% 

At end April 2019 12 176 98% 

At end-May 2019 2 178 99% 

At end-June 2019 1 179 100% 

Grand total 179   
 

In the following table, we show the number of activation requests sent. We note (in red) 

that 12 experimenters received 23 activation requests, having started the experiment in 

April 2019, and that 49 experimenters received all 49 activation requests, having started the 

experiment in October 2019. 
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Table 41 – The number of activation requests sent 

Number of experimenters  Number of activation requests sent  Starting date of the experiment 

1 12 June-19 

2 17 May-19 

12 23 Apr-19 

38 27 March-19 

10 34 Feb-19 

18 37 Jan-19 

37 38 Dec-18 

6 46 Nov-19 

6 48 Oct-19 

49 49 Oct-19 

179   
 

Breakdown of load shedding operations requested by ENEDIS by season and type of day of 

the week: we note (in red) that 80% of the activation requests were made during the week, 

and 45% in summer. 

Table 42 – Breakdown of load shedding operations requested by ENEDIS by season and type of day 

of the week 

Season Week Weekend Grand total 

Summer 37.5% 8.0% 45.5% 

Winter 28.5% 7.8% 36.2% 

Shoulder period 14.8% 3.5% 18.3% 

Grand total 80.7% 19.3% 100.0% 
 

For the analysis, it seemed to us important not to penalize the experimenters who made 

efforts to perform load shedding by mixing them with experimenters who had decided 

deliberately, here and there, not to take part. That is why we will not take into account 

the periods of activation requests without load shedding. 

We removed 4,112 load shedding periods NOT complied with, in which the experimenters 

decided not to disconnect. The breakdown by season and type of day can be found in the 

following table. 

Table 43 – Breakdown of unsuccessful individual load shedding operations requested by ENEDIS by 
season and type of day 

Season Week Weekend Grand total 

Summer 1,278 321 1,599 

Winter 1,393 353 1,746 

Shoulder period 623 144 767 

Grand total 3,294 818 4,112 
 

The load shedding periods NOT complied with account for 20.5% of the total of 20,016 

activation request periods. They are generally equally distributed over all the seasons and 

all periods. 
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We observe, in the following table, a slight over-representation of load shedding operations 

NOT complied with during the week and in winter (in red, 24.4% of the 1,393 time slots 

during the week in winter were not complied with), and an under-representation during the 

week in summer (in red, 17% of the 1,278 time slots during the week in summer were not 

complied with). 

Table 44 – Breakdown of unsuccessful load shedding operations rate by season and type of day 

Season Week Weekend Grand total 

Summer 17.0% 20.0% 17.6% 

Winter 24.4% 22.7% 24.1% 

Shoulder period 21.0% 20.7% 21.0% 

Grand total 20.4% 21.2% 20.5% 

 

However, whenever a load shedding operation was detected, we kept it even if it was very 

minor. Accordingly, we kept some load shedding operations (merely a few watts) which 

might have been performed by chance and without any real intention of the experimenters. 

The idea was to reflect the real load shedding situation insofar as possible. So we kept only 

15,904 activation requests out of a total of 20,016. In other words, 79.5% of all the load 

shedding periods requested were honoured by the experimenters. 

These 15,904 time slots actually accepted by the experimenters break down in a balanced 

manner over all the time ranges proposed for each season. We note that the 6h_8h time slot 

is slightly better observed or chosen by the experimenters both in summer and in shoulder 

periods. 

Table 45 – Breakdown of successful individualload shedding operations requested by ENEDIS by 
season and type of day 

Line labels Summer Winter Shoulder period Grand total 

06h_08h 34.5% 33.5% 34.2% 34.1% 

12h_14h 32.6% 33.8% 33.1% 33.1% 

18h_20h 32.9% 32.8% 32.7% 32.8% 

Grand total 100.0% 100.0% 100.0% 100.0% 
 

To conclude, the experimenters were positioned on all 3 load shedding time slots proposed 

irrespective of the season. Despite the large number of time slots proposed, about 80% of 

the experimenters performed load shedding on each activation time slot. 

Load shedding level 

No load shedding level was requested of the experimenters. However, we expect about 

200 W of load shedding during the week, and 150 W on weekends (these are the load shedding 

levels that had been observed during the Nice Grid experiment, which we will call 

"prospective load shedding" in the remainder of the document). We therefore observe that 

only 20% of load shedding operations are at least 200 W during the week, but that 39% of the 

load shedding reaches 150 W on weekends. 

It can be seen clearly that load shedding on weekends is higher in winter. We find the same 

phenomenon during the week, although it is less pronounced. 

We note that the average load shedding operation during the week is 160 W, and 182 W on 

weekends. 
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We again find values similar to those found in Nice Grid. The most significant load shedding 

is again found in winter, to a lesser extent in shoulder periods, but never in summer, and 

this applies to the 12h-14h and 18h-20h time slots whether it be during the week or on 

weekends. It is important to reiterate that only winter was tested in Nice Grid. 

To explain the good results in winter, it may be thought that some experimenters lowered 

the heating to perform their load shedding (63% of the experimenters who replied to our 

survey are equipped with electric heating); the reduction in consumption in winter is far 

greater on weekends than during the week (36% versus 28% respectively). 

The lowest load shedding level is always in summer over the 6h_8h time range, whether it 

be during the week or on weekends (94 W and 93 W respectively), even though the reduction 

in consumption over these 2 time slots is substantial (30% and 34% respectively). This can be 

explained by the fact that over this time slot in the morning the air conditioning is not yet 

used, since it cannot be switched off for those people who have an AC system. Note that in 

Nice Grid, it was increase flexibilities that were tested in summer. 

Experimenter view 

We can note that in the Nice Smart Valley experiment, the average load shedding is 160 W 

during the week and 182 W on weekends. 

In winter in the 18h-20h time slot, this average reaches 232 W during the week and 281 

W on weekends. 

In summer in this same 18h-20h time slot, we observe far less load shedding, 137 W during 

the week and 133 W on weekends. 

The average load shedding that we observed corresponds to an average 28% reduction in 

consumption in the flexibility time slots requested by ENEDIS. 

On average in winter, we obtain the same orders of magnitude as for the Nice Grid project. 

In summer, the result is especially interesting because consumption reduction flexibilities 

were not tested in the Nice Grid project.  

Aggregated view 

The aim of this section is to analyse overall customer behaviour faced with requests for load 

shedding. To do so, the average load curve of B2C customers was calculated for 4 action 

days on which substantial load shedding was observed.  This average load curve is obtained 

by calculating, for each 30-minute time interval, the average power drawn off by the 

experimenter customers who performed load shedding. 

For each day of interest, the average load curves of days D-1, D-7 and D-14 are also 

calculated, because these days are used by the model for calculation of the forecast average 

power over the load shedding periods. 

Summary of the aggregate view:  

This analysis show us that customers performed load shedding continuously, without 

complying with the time slots requested in the activation request messages. This behaviour 

can be explained by the fact that customers were systematically solicited over the 3 load 

shedding time slots (6h_8h, 12h_14h and 18h_20h) and that for sake of simplicity they 

activated their flexible uses already in the morning without complying strictly with the 

requested time slots. This could suggest a difficulty in distinguishing between the energy 

flexibility concept and the energy management concept. 

20% 

59% 
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4.3.2.3.2 Study of B2B sites 

The same rule as for B2C was applied to the B2B sites, i.e. over a study period from 1 October 

2018 to 30 September 2019: Only positive demand responses are taken into account and no 

allowance is made for activation requests for which the sites did not take part in the 

experiment.  

For business sites, a single load shedding period every day was requested, and it was 

different depending on the season. Some sites did not receive activation requests in winter. 

This analysis statistical show that the load shedding requested in the offer initially planned 

is seldom achieved. These findings should be relativized given the large number of load 

shedding operations, and hence the efforts, requested of B2B customers. But this result 

prefigures great uncertainty regarding the load shedding performed by customers, which 

would mean that substantial margins would be taken in sizing the offer. This would result in 

a high extra cost for flexibility which could have an impact on its economic interest 

compared with other solutions. 

An aggregate analysis was not performed, because given the small number of customers and 

the disparity of sectors of activity, it would not have been possible to determine a general 

trend, like for B2C. 

4.3.2.3.3 Cogeneration study 

The objective is to check that the processing chain operated correctly 

EDF checked the operation of the processing chain and the levels of power injected into the 

grid, based on the monitoring tools provided by GRDF. For more details concerning the 

analysis, refer to section 4.4.1.1.1. 

4.3.2.3.4 Study of V2H sites 

The bidirectional terminal was installed at a late stage. EDF checked the operation of the 

processing chain and observed that the foreseen load shedding operations were all 

performed on the scale originally planned. 

4.3.2.3.5 Aggregate view (B2B + B2C) excluding Coge and V2H 

The aim of this section is to assess the flexibility levels actually available for the activation 

requests made by ENEDIS. Technically, ENEDIS sends to EDF activation requests for 

predefined aggregates, which represent a logical grouping of delivery points included in the 

customer portfolios managed by the aggregators. These groupings are established by ENEDIS 

according to the grid topology. 

Therefore, for each activation request sent by ENEDIS, EDF replies with a flexibility offer for 

each aggregate requested in the call for bids. For an activation requested on N aggregates, 

EDF replies with N offers (1 for each aggregate). 

Based on 352 aggregate activation requests by ENEDIS between 1 October 2018 and 30 

September 2019, we note that:  

- The experimenters' load shedding reached the level of the offer made to ENEDIS 

for 22 aggregate activation requests, of which 19 B2C aggregates and 3 B2B 

aggregates. 
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- The experimenters' load shedding was lower than the level of the offer made to 

ENEDIS for 330 aggregate activation requests, of which 170 with above-"normal" 

consumption. 

4.3.2.3.6 Conclusion 

B2C behavioural load shedding 

Despite average load shedding of about 160 W (during the week), we note a very significant 

disparity of load shedding levels, suggesting a low level of reliability, probably due to the 

small number of experimenters.  

Moreover, based on 500 kW of load shedding demand from ENEDIS (an example of ENEDIS's 

flexibility requirement as part of this experiment), it would be necessary to mobilize 500,000 

W/ 160 W = at least 3,125 customers, which is impossible to achieve in the context of the 

transformer substations studied in NSV (cf. D9.1 / 4.2 / Table 9). 

B2B behavioural load shedding 

Analysis of the results for B2B customers is more complex due to the disparity of flexible use 

types. 

However, B2B customers offer far greater load shedding capacity than B2C customers. 

Moreover, during the experiment certain B2B customers implemented systems for 

management of their flexible uses in order to enhance the reliability of their load shedding 

operations. Thus, despite mixed results, we note an improvement in the reliability of load 

shedding for certain customers due to the implementation of such systems. 

4.3.2.4 Results of the GRDF experiments (service check, product response 

characteristics) 

Characterization of consumption cut-off 

To characterize the curtailments (electricity consumption cut-off), a set of criteria must be 

considered: 

Mobilization time: time between the activation of 
flexibility appeal 

Utilisation duration: length of the curtailment 

Activation duration: time taken by the system to fully 
activate 

Availability range: niche in which the system can be 
activated 

Repeatability of curtailment (ex: 1 x daily) 

Stock erase (ex: 4 times at most during the month) 

Technical reliability: Does the system had failures 

Conditions of availability 

Terms of implementation of curtailment: manual or 
controlled 
Carryover effect: the erased energy stand postponed 
after deletion? 

 

This set of criteria was applied and observed on smart gas technology demonstrator. 
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Electricity consumption deletions can lead to edge effects, resulting in a change in the site 
consumption behaviour. These edge effects can be present together or separately after 
erasing. 

 

 
Figure 125 - Edge effects observed 

 

 Anticipation: Consumption can be increased prior to the activation, in a 
maximization objective of erasing allocated, and therefore the operator's 
remuneration 

 Rebound: A "bounce" can be observed if the erased electrical equipment is put 
into operation in a synchronized manner, which may have implications on the 
distribution network. 

 Report: Energy erased during the activations can be postponed. The evaluation of 
the postponement must be quantified to assess the energy savings. 

 

In the case of the hybrid, in winter, the heat energy provided by the gas smoothes the load 
curve thus avoiding the rebound effect. The operation of cogeneration is very regular, and 
the edge effects don’t exist on this technology. 

As part of the project, and for the two selected technologies, the rebound effect was only 
observed on the summer mode of the hybrid rooftop, based on internal conditions (see 
Hybrid Rooftop paragraph).  

 

4.3.2.4.1 Electrical curtailment applied to hybrid rooftop 

When an activation request arrives on the local treatment unit, it causes a shutdown of 
thermodynamics part. Depending on the outdoor and indoor conditions, potential 
curtailment of thermodynamics part may vary from 37 to 50 kW of following the 
manufacturer documentation. 
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Power curtailment in winter 

 

Figure 126 – Power curtailment in winter 

The activation at 25th of April 2019 shows the effect of the remote control of the flexibility 
of the hybrid rooftop in winter mode. Before the activation, power consumption of the 
hybrid rooftop is 36.9 kW, and will drop to 12.9 kW at the time of activation. The call for 

flexibility is reflected in the cut of thermodynamics part (purple), the fans continue to run 
(green curve) consuming about 12.9 kW for deletion. The electrical erase is 24 kW. During 
erasing 2h the consumed gas volume is 6.8 m3. 

At the end of the activation, the system reboots at the same level before activation (36 kW): 
natural gas has helped prevent a rebound effect. 

Power curtailment in summer 

In summer, only the heat pump of the hybrid rooftop works in refresh mode. During a 
flexibility activation, thermodynamics ends, and the fans continue to operate throughout 
the curtailmentcurtailment consuming 12.8 kW.  

 

Figure 127 – Power curtailment in summer  

 

Summer: rebound effect to be 

noticed  
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Illustration of the rebound effect July 3, 2019: 

From 10 kW before the activation to 45.5 kW after activation for the compressors (the 
acquisition step of 1 min may underestimate the peak intensity). When stopping the heat 
pump, the ventilation temperature rises suddenly: from 22 ° C to 28 ° C in 4 minutes until 
the outdoor temperature. This increase in air temperature combined with air movement 
increases the temperature in the building. 

At each restart of the system in the summer, the important difference between the 
reference and measurement result in a sudden start of the compressors. To avoid this type 
of abrupt starting, it will be better to: 

- work with recycled air as CO2 levels do not exceed the threshold values; 
- cut the fans during the activation; 
- install a timer on the start of compressor stages to spread the electric charge in time; 
- artificially limit the difference between set temperature and room temperature. 

 

4.3.2.4.2 Electrical curtailment for applied to the gas cogeneration 

 

In this project, the mode of operation selected is to clamp at 60% the cogeneration (CHP) 
on well-defined slots (6pm – 6am) and "release" cogeneration outside these slots. Thus, 
activation that would occur on these niches "slanted" would be followed by an increase in 
power cogeneration. Given the power grid, the load curve will be reduced and considered 
for deletion by the electricity distributor. 

The electrical curtailment for cogeneration resulting in modulation to increase its electrical 

power. The crippled system in normal mode, returns to its rated power at the electrical 

activation of flexibility. 

 

Figure 128 -CHP operation between 14 and 20 March 2019 

3 activations are visible here and help find the 6pm-6am niche flexibility activation with the 
transition from 60% to 100% of the CHP operation.  

Slot flanged at 60% 

without activation 

Enabling flexibility during 

a slot flanged at 60% 
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Focus on activation 7 March 2019: a 2 hours activation increased the electricity production 
of cogeneration (green) from 66 kw to 40 kW, releasing 26 kW to the grid. The same effect 
occurs on the thermal power (blue). 

 

 

Figure 129 - Activation of March 7, 2019 

  

4.3.2.4.3 Electrical curtailment applied to hybrid boilers 

Power curtailment in winter 

The activation results in the stopping of the outdoor unit of the hybrid boiler. If the 

compressor of the electrical heat pump is not in operation immediately before the flexible 

activation, erasing is not considered. Below, three activations but only one is considered as 

an curtailment since the system was running when the request arrived (in blue): 

 

 

Figure 130 - Example 3 activations flexibilities 

 

 

66 kW from 

6am to 6pm 

40 kW at 6pm 

clearing potential 

26kW 
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Illustration of a winter flexibility: 

Upon receipt of the activation on the site, thermodynamics part in blue is off. 3 minutes are 

required to stop the heat pump and 6 minutes on restart. The boiler starts to maintain the 

set and reduces its power. 

 

 

Figure 131 – Hybrid boiler Site 1 – Enabling flexibility 26.01.2019 

 

This complementarity of energy is a major interest since the end user's comfort is maintained 

while having the ability to mobilize the system over long periods as shown by the gray curve 

of ambient temperature. 

Power curtailment in summer 

During the summer months it was not possible to observe activations on the 3 reversible 

sites. Several factors explain this situation: 

 one of the customers declined to refresh as often absent from home and another was 

on vacation during this period; 

 installation problems with poor positioning toggle valves winter mode and summer; 

 regulatory issues with a motorized valve that had not been properly connected. 
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4.3.2.4.4 Total activations 

The flexibility of activation comes as the aggregator declares in the web service. During 

activation: 

 electrical thermodynamics stops, the boiler will start if the thermal requirements are 

sufficient, in the case of the hybrid, 

 in the case of cogeneration, the module system to increase its electricity production. 

 

Site Node Getting service system at 
least since the 

Number of activations 
recorded by the PLC 

Since 12/14/2019 

Site 1 Lingostière 13/12/2018 82 

Site 2 CARROS 01/27/2019 81 

Site 3 CARROS 13/12/2018 88 

Site 4 CARROS 13/12/2018 88 

Site 5 CARROS 13/12/2018 88 

Site 6 Lingostière 13/12/2018 76 

Site 7 Lingostière 13/12/2018 91 

Site 8 Lingostière 13/12/2018 89 

Site 9 CARROS 13/12/2018 146 

Site 10 CARROS 13/12/2018 79 

hybrid RT CARROS 01/22/2019 38 

cogeneration CARROS 02/19/2019 28 
Figure 132 - Total activations between December 2018 and October 2019 

4.3.2.4.5 Power curtailment: service check for hybrid technologies 

To evaluate the “realized control” of the hybrid appliances, it is necessary to be able to 

predict the behaviour that would have had the product during the period of curtailment, 

without activation of the flexibility. The prediction of the electrical profile is based on 

the 30 minutes preceding the activation. It is considered that the behaviour is 

maintained identically throughout the duration of activation (see illustration below). The 

control of the realization does not take into account the evolution of the thermal need which 

is considered constant. 

The methodology used to evaluate a close manner of reality the potential of technology 

flexibility since the deletions do not spread too much in the time remaining less than 2 hours. 

But the calculation of the realized ignores the evolution of the thermal requirement is 

considered constant. 

In parallel, while clearing the gas product starts running or not to continue to meet the 

needs of the site. Its operating parameters are stored. 
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Figure 133 - Illustration of activation with electrical profile 

 

Figure 134  - Illustration of electric assumed profile of the product without activation 

 

If during the 30 minutes before the thermodynamics part activation fails, the clearing 

potential is not considered as a flexibility.  

During erasing, the gas product starts running or not to continue to meet the needs of the 

site. Its performances are recorded. 

Hybrid installations 

Ten hybrid heat pumps are installed on the perimeter of Carros. The table below provides 

average performance taken from ten sites operated.  

Table 46 – Hybrid Appliances 

HYBRID APPLIANCES 

 Hybrid boiler Hybrid rooftop 

erased average winter 
electric power (kW) 

0.9 27.9 

Electrical power was erased 
average 

0 14 

maximum electrical power 
erasable winter (P 
compressor) (kW) 

2.3 42 

maximum electric power 
was erasable (P compressor) 
(kW) 

1.6 47.5 

Efficiency / COP measured 
medium 

2.3 to 2.6  

Prediction of the electrical behaviour 

of a hybrid heat pump for 2 hours of 

flexibility 
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Boiler efficiency  0.96  

Time mobilization Less than 5 min Less than 5 min 

Maximum duration of use 
tested 

120 min 120 min 

maximum theoretical useful 
life 

24 / day 24 / day 

activation time / 
deactivation 

<1 min <1 min 

Range availability 24h / 24 24h / 24 

Repeatability of curtailment Leave 5 minutes between stops / 
restart to avoid short cycles 

Leave 5 minutes between 
stops / restart to avoid short 

cycles 

Implementation Status 
curtailments 

Enslavement through automation Enslavement through 
automation 

Carryover effect in winter No  No  

 

The erasing potential hybrid boilers is low since it is about 0.9 kW. It may be more important 

in terms of external conditions and the set up to 2.3 kW per system in winter, but calculated 

value depends on: 

 the conditions of the settlement area, mild temperatures, low heating needs; 

 installed power deliberately weak to retain the ability to operate the boiler in heating 

mode;  

 the method of calculation of the flexibility that is to retain the 30 minutes preceding 

the activation. 

Curtailment will be more effective if potential erase hybrid heat pumps are aggregated. 

 

The B2B market provides better visibility into the operation of the technology. Once the 

settings on site, the operation of the technology is dependent as thermal needs. The 

"customer action on the regulation" setting is much less important than for B2C. 

As the installed thermodynamic power is more important, potential curtailment technology 

is more interesting for an aggregator with 27.9 kW and 14 kW Winter summer. 

4.3.2.4.6 Power curtailment: service check for cogeneration 

The control carried out in the gas engine technology is much easier to predict. Technology 

has a very stable operation over the entire operating period. The gas engine cogeneration 

has a power generation capacity of 70 kWe 3 kWe which are allocated to power auxiliary.  
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Table 47 – Cogeneration 

COGENERATION 

A 100% 
load 

Electrical power / PCI 67 kWe 

Thermal power / PCI 99.85 kWth 

electrical efficiency / PCI 29% 

thermal efficiency / PCI 56% 

At 60% 
load 

Electrical power / PCI 40 kWe 

Thermal power / PCI 98.60 kWth 

electrical efficiency / PCI 25% 

thermal efficiency / PCI 59% 

Electrical power erased / deleted Energy / 
PCI 

27 kW - 54 kWh 

Power / Energy gas consumed during erasing 
/ PCI 

201 kilowatts-402 kWh  

Time mobilization Less than 5 min 

Maximum duration of use tested 120 min 

maximum theoretical useful life 12 pm 

activation time / deactivation <1 min 

Range availability 18h-6h 

Repeatability of curtailment As the return temperature remains below 70 ° C 

Implementation Status curtailments Enslavement through automation 

Carryover effect  No 
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4.4 Lessons learnt 

4.4.1 Recruitment 
 

4.4.1.1 Conclusion regarding the efficiency of the various recruitment methods tested 

 

4.4.1.1.1 Hybrid steering + CHP (GRDF) 
 

B2C clients: 

GRDF built an offer dedicated to private customers. Customers interested to participate in 

Nice Smart Valley demonstration were invited through a mailing to call a specific GRDF phone 

number. A special operation was set up to contribute financially to the installation of the 

technologies. 

700 private customers were contacted through the mailing campaign. Almost 30 replied, 

stated their interests to participate. After check of 1) geographical position and 2) basic 

technical information’s, technical visits on customer’s sites where organized gathering 

experts from GRDF, installers, and selected manufacturer to assess the technical feasibility 

and check whether the hybrid technology was compatible with customer’s needs. At the end 

of this step, 14 customer’s application had been assessed “admissible”. 

A dedicated committee was set up to evaluate each customer’s application and prioritize 

them depending on specific criteria: installation feasibility – monitoring feasibility – 

energetic interest – customer’s motivations to participate.  

At the end of this steps, 10 customers had been selected. 

 

B2B clients: 

B2B customers in the Nice Smart Valley area have received the mailing and were invited to 

contact GRDF. A dedicated visit led by GRDF was organized to present the Nice Smart Valley 

demonstrator and check the technical feasibility of the project. When needed, specific 

studies are carried out (dynamic thermal simulation, sizing studies) to assess the heat 

demand and size the heating appliance.  

About 300 B2B customers were contacted through the mailing campaign. However, this 

mailing camping was not conclusive. Based on empiric knowledge, local GRDF’s commercial 

forces called directly some customers to explain the goal and objectives of the project. 5 

B2B customers had been interested to set up a specific presentation, explaining the 

objectives of the project. 

Finally, 10 B2B clients participated to Nice Smart Valley for gas/electrical hybrid boilers.  

 

Compared to B2C, B2B products are longer and more complex to install (hybrid rooftop and 

cogeneration in this case). Therefore, the main challenge was to find customers looking for 

complete or partial renovation of their heating system, in a short time period as we intended 

to have these products installed by the end of 2018. This was one of the main difficulties: 

dealing with short-term project versus long and complex installations including feasibilities 

studies that had to be done.  
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4.4.1.1.2 Electrical and appliances steering: Efficiency of recruitment methods (ENGIE B2B 
client)  

As explained in D9.2, the recruitment of B2B clients is complex for several reasons:  

- As ENGIE has only a few clients in the experimental zones (as power supplier), new 

clients have to be found and contact with them has to be created. However, for those 

consumers which are not used to monetize their flexibility, they hardly understand 

that the aggregator is not necessary the energy supplier. 

- Recruitment period (between march and june) is not suitable for client’s availability 

and engagement. The customers already knowing how to monetize their flexibility are 

already committed with other aggregators on TSO value pockets. For the other 

customers this period is unusual for energy matters contracting and they have little 

time for this. 

- The customer on the demonstrator area are not used to monetize their flexibility 

with an aggregator and they have some fear at the beginning about the impact on their 

process. Therefore, it takes a lot of time to explain and reassure them. 

- For a lot of B2B customer the decision is not at the local level but at the center 

purchasing division level. This implies long decision process which is still in progress by 

our prospects. 

- On top of that, the main difficulty is that beyond all those difficulties, the value for 

the customer is small while the offer is complex. It is difficult to get their interest on 

a pure flexibility monetization offer. The local aspect of the project (“as a company, 

you can support the local grid”) or the “green” aspect of the product has a little 

impact. The competitivity is key for the B2B customer. Therefore, a complex offer 

bringing few moneys but which is potentially risky didn’t interest the customer. 

This is the reason why, ENGIE had to extend the offer perimeter to energy efficiency 

in order to get the customer interest. The customer is a priori interested but it is 

difficult to lead him until the end of the contracting process. 

 

4.4.1.1.3 Behavioural (EDF) 
 

For this experiment, we used all the conventional recruitment methods: outgoing calls, 

physical recruitment (on markets, at the exits of schools, shopping areas, etc.), emailing 

campaign. We also used a specific recruitment method, using the HAPI container (for 'Habitat 

Pédagogique Itinérant') a travelling instructive housing unit whose primary objective is to 

inform people about their energy bill and propose eco-gestures to them to reduce the bill. 

The latter recruitment method was by far the most effective. Thanks to the HAPI operation 

(described in detail in section 4.3.1.1), we signed 83 agreements in a very short period of 

time: 3 weeks' operation. This operation enabled us to observe that the recruiter must catch 

the person's attention immediately and have them sign the agreement straightaway. Because 

afterwards people are taken up by their everyday life. If they do not sign straightaway, they 

forget and do not sign later. 

 

The first recruitments, physically in the field, generated a large number of people 

questioned (1850 people), but generated very few signed agreements (17 agreements). The 

main reason is that the agreement was not available immediately. This physical recruitment 

just made it possible to speak about the experiment, and retrieve contact details of 

prospective customers. But when an email was sent or a call was made later to the people 
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initially interested, they were no longer motivated to join the experiment. Immediacy is of 

prime importance for this type of experiment in which no financial gain is at stake. 

 

Via this physical recruitment, we also noted that citizens have a very poor knowledge of the 

energy market. Most people make no distinction between distributor and suppliers, between 

EDF, ENGIE and alternative suppliers. Our kakemono also generated a lot of 

misunderstanding, because the European communication banner mentions the two suppliers 

EDF and ENGIE as partners of the Nice Smart Valley project. Many people do not know with 

which supplier they have subscribed to an energy supply contract. Seeing the two suppliers, 

EDF and ENGIE, indicated on all Nice Smart Valley publications, they did not understand 

why, being supplied with energy by the competition, they cannot take part in the 

experiment. In the context of this experiment, each supplier could only aggregate the 

flexibility of the customers that it supplied with energy. 
 

 
 

Figure 135 - EDF kakemono photo 

 

The outgoing calls also generated a large number of signed agreements, but many calls 

(about 3100) were needed for only 91 agreements signed (including 6 signatures due to 

sponsorship by relatives of people already enrolled). The signature of these 91 agreements 

took place over a long time, nearly 1 year between the end of May 2018 and end-May 2018. 

In contrast, recruitment via the email campaign generated no signature of an experiment 

agreement. This is a subject that is too complex to speak about it merely via an email. A 

discussion face to face or by telephone is needed to catch attention. 

Moreover, the initial agreement was signed by the experimenters for a period of one year. 

So about fifty agreements expired on 1 September 2019. Since the Nice Smart Valley 

experiment was extended until 31 October 2019, we had to have riders to the initial 

agreement signed by the experimenters. At the end of the agreement, about half of the 50 

experimenters signed this rider. So we lost about 25 experimenters on the way. 

To conclude, we can say that the HAPI was the most effective method of recruitment: people 

came to be told about their energy bill and we took advantage of this to speak to them about 

the experiment. 
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4.4.1.1.4 Vehicle To Home (EDF) 
 

Thanks to good collaboration with the Mediterranean vendor teams, who have a thorough 

knowledge of the portfolio of business customers and their needs, we knew that Nice Matin 

was thinking about changing its fleet of HVs for EVs. We told them about Nice Smart Valley. 

They said to themselves that this could be an opportunity to start their thinking about 

electric mobility.  

 

4.4.1.2 Conclusion on the support offered for EDF customers 

For this experiment, we demand a lot of the experimenters. So they must be stimulated to 
maintain their efforts, because at present there does not yet exist a local flexibility market. 
The choice of behavioural flexibilities in this experiment was in line with the low value of 
local flexibility estimated by ENEDIS. But the customer feedback would possibly have been 
different in a context of managed flexibility. 
Moreover, in a future projection, there will definitely be fewer demands on the flexibility 
players. Certainly not every week, possibly once every six months. If we have lower 
activation frequencies with remuneration of the efforts made, the support measures will 
undoubtedly be reduced  
 

4.4.1.3 Conclusion on the support offered for ENGIE customers 

For ENGIE offers, the conclusions are the following: 

- B2C hybrid customers received a gift card of 100€ each. 

- B2B hybrid customer: ENGIE will pay the client the sum of 4000 € for the provision 

of its flexibility and the use of this flexibility during the duration of the 

experimentation. This remuneration will be paid regardless of the average power 

of the Modulations. 

- The remuneration of the B2B site is composed of a fixed term (800€/month * 3 

months) + a variable compensation of 70 € per half-hour of curtailment 

successfully completed. 

 

Clients agreed to participate mainly for economic reasons. The remuneration paid for B2C 

customers was much higher than the value that is expected to be extracted locally in the 

future. This shows the need for education of the customers and the fact that to be developed 

a local market should contribute to answer a customer pain and not answer a technical need 

that does not interest the customers. 

 

For B2B customer’s recruitment the compensation was not so high in comparison with the 

value we should be able to extract. A higher value was required because of the lack of 

knowledge on the customer side regarding flexibility market. However, in the future, when 

the market is educated, we should be able to access the flexibility for a lower price. 
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4.4.1.4 EDF customer feedback: 

Recruitment in person via the HAPI campaign provided a wealth of information regarding 

customers' motives for joining this experiment:  

 50% of the people recruited via the HAPI campaign were also interested by the fact 

of joining an eco-citizen project. 

 Some people had heard speak of the Nice Grid project (Grid4EU European project). 

They were curious about this new project. 

 The challenge aspect appealed to several people: taking action and earning points 

 The black-out of 2008 is still in people's memories, and some still speak of it. That 

was one of the levers to make them join the Nice Smart Valley experiment. 

 

Among the barriers to joining this experiment, we noted: 

 People having an internet address, but not managed by them (many pensioners 

whose digital services are managed by their children). 

 The fear of using personal data was often reported to us (especially by active 

managers). They wanted to make sure that their email address and phone number 

would not be offered for sale as data. 

 People saturated by experiments: there was Nice Grid and now a new Nice Smart 

Valley experiment? They want to know what results were achieved by Nice Grid? 

What happened afterwards? What were the feedback and conclusion? What was the 

use of it? 

 

Feedback providing a wealth of information was also reported to us via the email address 

nicesmartvalley@edf.fr which we communicated to the experimenters, and via the space 

dedicated to the Nice Smart Valley experiment on the EDF Pulse & You platform. 

 
We can classify the customer feedback as follows:  

 Experimenters wanting compensation for their participation effort; 

 Experimenters really interested in the experiment; 

 "Consum-actor" experimenters going so far as to give advice;  

 Miscellaneous feedback related to use of the data, the complexity of the 
experiment, or the change of suppliers  

 
Feedback from experimenters wanting compensation for their participation effort: 
 

 Experimenter feedback regarding the financial contribution: 

Most of the experimenters expect compensation in exchange for their involvement in the 

experiment. Due to the low value of local flexibility estimated by ENEDIS (currently zero), 

we had initially planned to establish behavioural flexibilities by means of a relationship 

management programme encouraging customers to reduce their energy consumption or 

postpone it manually, but without any financial consideration. But that was not sufficient to 

recruit experimenters. Several sources gave feedback to us along these lines. 

 

We recruit partly in the same experiment zone as the Nice Grid project (Grid4EU European 

project). Our recruitment therefore reached people who had known or even taken part in 

the previous project. They therefore compare the financial rewards/contributions for their 

involvement:  

  

mailto:nicesmartvalley@edf.fr
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 Feedback on receipt of the welcome gift voucher: 

A gift voucher keenly awaited by the experimenters. The gift vouchers were sent in 
electronic format. Many arrived in the experimenters' SPAM mailbox. We had a lot of 
feedback by email and by telephone from experimenters thinking they had not received their 
gift voucher:  
 

 Experimenters' feedback regarding the Smart Points: 

The experimenters raise questions concerning the system of rewarding load shedding efforts 

with Smart Points. There was feedback from several people concerning the use of the Smart 

Points: what can they be used for, where to find the number of points acquired, and how to 

use them?  

 

Feedback from experimenters really interested in the experiment: 

 

 Feedback from experimenters who are strongly involved, wanting to understand 

the meaning and social value of the load shedding and asking for clarifications 

 Feedback regarding the equivalence between Smart Points and load shedding level 

Most people are interested by the gain earned, but some of them are interested by the Smart 

Points in return for the load shedding efforts they have made.  

 Experimenters who are surprised not to have load shedding corresponding to their 

actions 

 Feedback following an article that appeared in Nice Matin concerning the Nice 

Smart Valley project. 

In this article, the role of the experimenters in building the electricity grid of tomorrow is 

mentioned! 

 Feedback concerning requests for clarifications 

 Experimenters who are surprised to no longer receive requests. 

This occurred during the Christmas break, between 15 December and 15 January. And 

sometimes, due to technical problems of the various IS departments, some requests were 

not sent as regularly as usual. 

 

 Feedback from experimenters who link everyday events to the experiment 

 "Furious" feedback, but from people who are involved (the end consumers do not 

want to be the only ones to act, they also want businesses and local authorities to 

take part) 

 Feedback from a customer who is involved but changing energy supplier: 

 Feedback from "consum-actor" experimenters going so far as to give advice:  

 Feedback concerning the advice that is given to act better 

After each activation requested by ENEDIS, EDF sends an instructive email to customers with 
a little sticker proposing a practical load shedding action, advice, and quizzes concerning 
energy. Some experimenters expect this. 

 Feedback concerning experimenter proposals 

 Miscellaneous feedback related to use of the data, complexity of the experiment, 

or change of suppliers 

 Customer feedback due to changes of supplier 

 Feedback wich is not addressed to us 
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4.4.1.5 ENGIE Customer feedback 

B2B customers are generally satisfied with collaboration with ENGIE. The activation of their 

flexibility did not modify their process or their comfort, and the remuneration offered by 

ENGIE was sufficiently interesting for them. ENGIE kept customers informed 

before/during/after activations, in accordance with its practices for customers currently 

valued on RTE mechanisms. 

Concerning the other B2B customers contacted but not contracted, most of them were 

interested in the proposed offer format and would have trusted ENGIE as an aggregator, but 

for the reasons already mentioned, this did not convert into flexibility contracts. They were 

particularly interested in the energy efficiency approach as the main element of the offer. 

The feedback from B2C hybrid customers is difficult to read because customers have invested 

in a boiler with financial support, they have not invested to get value from their flexibility. 

It is therefore difficult to know whether they are fully satisfied with the offer of flexibility 

that was not a key element in the investment decision. It was rather based on the financial 

support provided by GRDF as part of the project. 

For the B2B hybrid customer, the customer was initially interested in the long-term value 

that its flexibility could provide. The remuneration offered by ENGIE as part of the project 

was sufficient for him. Its flexibility could be valuated after Nice Smart Valley experiment 

on national mechanisms. 

 

4.4.1.6 Recommendations and unresolved issues 

Questioning on competition vs. data protection 

 

Currently for a FSP to have access to metering data, the customer needs to sign two 

consents: one for the FSP, and another for the DSO (service check). The DSO requires to 

collect these two consents before integrating a new customer in an aggregator perimeter. 

EDF and ENGIE think that a simpler acces to metering data should be possible, as it is the 

case for retailers. 

 

In addition, ENEDIS asked a specific contract to ENGIE and EDF regarding the use of the data 

collected during the project and constraining ENGIE and EDF for the use of them. This would 

make the process very complex in an actual mechanism, and aggregators think the DSO is 

not entitled to ask such a contract. They would prefer to have only one contract regarding 

the data with the customer which is the only owner of the data. 

 

Moreover there is a need for simplification regarding the administrative form to be fill in by 

the customer. Currently a customer needs to sign a consent for each mechanism (TSO, 

DSO,…) that its aggregator wants to use, leading to a high volume of documents and 

eventually a lower awareness on the use of its metering data and flexibility. For households 

customers as well as small-medium B2B customers this have been proved to lower the 

willingness to be involved and eventually to lead the aggregators to loose customers during 

the recruitment phase. The current forms can be used for industrial companies, who could 

for example contract with several aggregators, but seem too complex for household’s 

customer and small-medium B2B. A unique consent form for the use of the metering data 
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for flexibility provision could foster the households and small/medium B2B flexibility 

provision while ensuring a high level of awareness on flexibility and data use. 

ENGIE: involvment of B2C and B2B customers through new applianes installation or direct 
remote control 
 

- Getting value from flexibility at the local level 

A remuneration is necessary to interest customers. Ideally, this remuneration should be fixed 

to justify large investments. However, the value of flexibility will not be at the heart of the 

investment decision because it remains low. It would be necessary to go beyond this 

economic aspect and propose a global offer (in particular coupled with energy efficiency 

services). 

It would also be necessary to focus on investment deferrals rather than the value generated 

by works on network in order to maximize the value of flexibility. 

 

- Difficulties in identification of flexible sites: ENGIE needs to prospect beyond its 

current customer portfolio which is not large enough in that area. It implies a physical 

presence in Nice region for identifying appropriate contacts (who possess decisional 

power).  

 

- For customers whose aggregator is not their supplier 

It is difficult for aggregators to contract with customers for whom they are not the supplier. 

There is still a lack of information for customers despite the opening of markets and 

difficulties in understanding this distinction. This makes recruitment all the more complex, 

as the offer is complex and the value low. 

 
EDF: B2C and B2B involvement through behavioral changes 
 
In this section, we present several questions that we received during the experiment, but 
for which we were unable to give a very precise answer. 
 
Understanding of the various concepts: 
We realized, during the training provided for the employees of the participant firms, that 
the difference between eco-gesture and flexi-gesture was hard to understand. In the 
aggregate view of the statistical analysis (cf. 4.3.2.3), we learn that the experimenters 
performed load shedding continuously, and not only in the requested time slots. This may 
be either for greater logistic simplicity, or else due to the difficulty of distinguishing between 
energy management and flexibility. This experiment covers various energy concepts which 
are not yet readily available in a simplified form and properly understood by retail 
customers: 
 

 Consumption and power rating: 
o The concept of power rating is not understandable for the customer. He clearly 

understands the concept of electricity consumption, which is directly related to his 
energy bill. 

o Therefore how can a need for load shedding for the grid be reconciled with its 
translation in consumption for the customer? 

o For customers, it is important to know the power rating relative to their contract 
power, but consumption is more interesting because it is what is invoiced. 
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 Energy management and flexibility 
o These are two different concepts which are not necessarily properly understood by 

customers. Eco-gestures come within the framework of energy management and 
reduction of the impact of energy consumption on their energy bill and on the planet: 
eco-gestures aim at a reduction in energy consumption/demand.  

o Flexi-gestures come within the framework of a demand for adaptation of the 
electricity demand to the supply so as to ensure stability of the electricity grid as an 
alternative to the use of carbonaceous production facilities (generator sets, coal-fired 
power stations, etc.) and thus prevent power outages.   

o In absolute terms, the objective of flexi-gestures, unlike eco-gestures, is not to reduce 
the volume of energy consumption/demand but to achieve a different distribution of 
this consumption over time so as to smooth out the demand curve and prevent 
consumption peaks.  

o A customer who is very energy-efficient will have less flexibility to offer. Flexibility 
does not necessarily have an effect on the bill, because a postponement mechanism 
has to be allowed for.  

o However, if a local flexibility market is established, the customer could be 
remunerated for their load shedding capacity. This remuneration will be able to reduce 
the cost of their bill. 

 
How can these two concepts be made clear to citizens?  
 
How to restore the results of load shedding: 
We presented to customers the statistical results of their load shedding operations, 
comparing them with the experimenters as a whole. To go further, and for educational 
purposes, we could give our customers more information concerning the impacts of their 
actions. For example: thanks to your action, in your region, the energy distributor has been 
able to insert so many additional MW of renewable energy into the grid.  

If we want to make flexibility behavioural, we still have work to do in order to report the 
results of flexibilities to the flexibility players: ergonomic work, round table meeting with 
the flexibility players, sociological work. 
 
Duration of the effort to be performed: 
What duration of load shedding? Disconnecting for 10 min. is not the same thing as 
disconnecting for 2h?  
Load shedding for 10 min. does not have the same impact on customers' comfort as load 
shedding for two hours! How can citizens be made to understand this concept? What is the 
timing of flexibility requirements? 
 
The proliferation of load shedding efforts: 
For draw-off constraints, the value of flexibility is low (cf. report on "Valorisation 
économique des Smart Grids" (economic valuation of Smart Grids) published in 2017). 
Moreover, in response to draw-off issues, the behavioural flexibility proposed by residential 
customers seems too slight compared with ENEDIS's needs. A sufficient number of customers 
per MV/LV substation is needed for this to have a positive impact on load shedding (concept 
of expansion). 

 
 
The remuneration of load shedding efforts: 
Within the Nice Smart Valley framework, we have established a system of remuneration of 
flexibility based on the acquisition of points rewarding load shedding efforts. These points, 
called Smart Points, were converted into gifts at the end of the experiment.  
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The results of the field survey carried out with customers at the end of the experiment (cf. 
section 4.4.4.1: EDF customer impact) teach us that the best way to reward flexibility would 
be a reduction in the energy bill for a majority of experimenters.  

 
Gathering customer consent: 
 

It would also be necessary to re-examine the issue of signatories to the experiment 

agreements (or flexibility offer contracts). There is nothing to indicate whether it is really 

the owner of the contract who carries out flexibility (and therefore whether it is really their 

personal data that are involved). 

 

How can this community use of electricity due to the nomadicity of our modern life styles 

be extrapolated, where relatives, friends, co-tenants, or even strangers who are "occasional 

tenants", may share an apartment for short periods of time? 

 

This leads us to again raise the question of the sharing of use of the load curve and the 

associated consents within the context of a local flexibility market. 

 

4.4.2 Market design/regulation and flexibility products 
 

4.4.2.1  Impact of flexibility location 

First, the location of flexibility does not always have the same impact depending on the grid 
examined. On the Isola and Carros grids, the location of flexibility does not have a major 
impact on the useful flexibility volume making it possible to remove the current constraint. 
At Guillaumes, on the other hand, the grids are longer due to the retrieval system (N-1 
configuration). The load there is less condensed in a geographic area, which leads to a 
relatively large difference of useful flexibility volume for the current constraint. For I 
constraint, the impact of location comes from losses. 
 

Next, as regards the voltage constraint, the results of these analyses highlighted the fact 

that the location of flexibility has a major impact on our three zones. We have been able to 

show that, at Guillaumes, the useful flexibility volume can vary by a factor of three 

depending on its location.  

Finally, production on the spot can also potentially help to remove constraints. The above 

results (D.9.5 § 2.2) have shown, in particular, that at Carros and Isola, this can limit the 

useful consumption flexibility volumes as soon as the production is properly located. At 

Guillaumes, the production levels are such that they themselves generate flexibility volumes 

at high consumption (or at low production). 

 

4.4.2.2 Impact of default location on the value  

In Nice Smart Valley, the flexibility value for the DSO mainly depends on three parameters:  

 the fault location, 

 the flexibility location and  

 the temporality.  
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Fault location 

In the project, there are only a few cases where the flexibility could be useful for the DSO. 

These cases are dependent of the appearance of a fault on the grid as equipment18 must be 

off to generate a flexibility opportunity.  

An interesting result obtained in NSV relies on the flexibility value depending on the fault 

location. If the fault is located on the spots studied in NSV, the flexibility may have a value 

whereas if the fault is located at a few meters from these spots, the DSO would have no 

interest to activate flexibility as it could supply its customer through another line.  

Flexibility location 

There is a similar phenomenon for the flexibility location. An electrical constraint can be 

characterized by the volume of useful flexibility that would solve the constraint and its 

location. Any constraint has an area of influence which depends on its type and the grid 

itself.  

As for the fault, the flexibility usefulness for the DSO is discontinuous. It is possible that on 

a given street, only a part of the customers are supplied by a portion of the grid that is in 

the area of influence on the constraint. 

There is also a difference of usefulness of the flexibility into the area of influence. The 

results of the study performed in NSV have shown that for voltage constraints, the flexibility 

location may have an important impact on the flexibility volume to be activated. For current 

constraints, flexibility location mainly has a small impact excepted for one case at 

Guillaumes where the relative difference between the minimum and the maximum flexibility 

is around 42%. Note that the other cases of Nice Smart Valley do not exceed 5% of relative 

difference.  

As the precise location has an impact on the value for the network operator, the merit order 

may consider this. In this case, the rules should be explicit in order to have a transparent 

mechanism. 

Temporality 

The question of flexibility usefulness also relies on the level of local consumption and 

generation. They both depend on several factor as human behavior and highly depends on 

temporality. The PV can only generate power on daylight whereas the lighting are mainly 

turned on during night.  

In Nice Smart Valley, the simulations’ results have shown that there are some time slots for 

potential flexibility usefulness. For instance, at Isola and Guillaumes, the flexibility could 

be mainly useful in winter season, during the night. At Carros, the flexibility could be useful 

around noon in July. 

4.4.2.3 Mapping of flexibility opportunities 

The aggregators experienced problems in linking customer addresses to meter numbers. This 

can be explained by the application of the law on data protection for retail customers (GDPR 

law of 25 May 2018). To help them in their recruitment process it was considered providing 

them with a map identifying the zones in which flexibility would be useful.  

                                            

18 Transformer, line or cable. 
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Based on the list of MV/LV substations offering flexibility opportunities, the customers and 

producers linked to these substations were exported on a one-off basis to the GIS software 

called QGIS from our spatial databases. A convex envelope including all the points was 

produced, thereby creating the flexibility opportunity zone. This spatial data, in GeoJSON 

format, serves as a basis for dynamic mapping. 

The web map was created with the Leaflet library - an open-source Javascript library 

dedicated to the production of interactive maps. 

The base map proposed for finding one's location is that produced by OpenStreetMap (Open 

Data). Users will be able to find their location via an address search function (based on the 

Nominatim tool and OpenStreetMap data). 

Thanks to this view, an aggregator will be able to quickly see whether a customer is in a 

flexibility zone. 

However, based on the feedback from the project, this might no be sufficient in order for 

aggregators salesforces to be able to recruit customers precisely. EDF and ENGIE think for 

example that a list of addresses could be the proper solution, while not crossing any 

dataprivacy protection rules. Providing PRM number is not enough neither as only the current 

electricity provider of the consumers know them. 

 

Figure 136 - Example of a view of a zone with flexibility opportunity 

 

4.4.2.4 Recommendation on the cumulability of products 

Values generated by flexibility per site and per year are too low to interest customers; the 

values must be cumulative from a regulatory point of view (capacity market and RTE 

market). To achieve this, a coordination with the TSO is necessary. 

When activating a flex for TSO, it is also effective for DSO. The variable part would therefore 

not be remunerated twice. Only the fixed part would be, since the commitment of 

availability is well ensured with regard to both. 
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4.4.2.5  Recommendation: regulate to avoid gaming 

Gaming issues have not been addressed during the project. However, when local flexibility 

markets liquidity will grow, regulated measures against gaming or market manipulation will 

be needed, as they are on other markets, in order to ensure a healthy competition and fair 

prices even in monopoly or oligopoly. For example, market players could be tempted to 

artificially generate power flow that are known to create a constraint, if a benefit could be 

made regarding the comparison of this power flow creation vs flexibility price. Such a 

regulation should be consistent with the economic stakes and not introduce a too high 

complexity while markets are not big enough, following a gradual complexity principle. 

4.4.2.6 Considering a fixed remuneration for flexibility  

The remuneration for flexibility must include a fixed part to justify investment in the 

machine and/or instrumentation, as well as the recruitment of customers. A minimum 

flexibility value is required to encourage the deployment of flexibility in particular areas 

4.4.2.7 Outstanding issues  

TSO/DSO coordination 

While value stacking between TSO and DSO mechanisms was a key topic that was analyzed 

from aggregators point of view in the project, the coordination between TSO and DSO was 

not part of InterFlex. This topic will most certainly become key as the use of flexibility for 

DSO services will grow, but should be analyze in regard of the volume exchanged, following 

a principle of gradual complexity. 

Aggregator/ Balance responsible coordination 

This subject has already been mentioned in §2.3.4 of deliverable D9.4. In the context of a 

solicitation process on day ahead, the impact should be null because, like curtailments are 

carried out for the TSO, the curtailments on behalf of the DSO could be integrated by the 

TSO into the flow reconciliation process and its effect would then be neutralized.  

Considering a limitation and not a decrease in power 

Flexibility could also be considerered as the fact that power is null or limited during the 

duration of the need for flexibility, instead of a decrease in power.  

Indeed, for economic reasons (gas cheaper than electricity to generate heat) or physical 

reasons (important heating requirement requiring running on gas), it appears that the 

decrease in electrical power is often not possible because the system already operates on 

gas. By considering downward flexibility as a limitation of power in relation to the subscribed 

power instead of a power decrease, the need for flexibility of the DSO would be ensured.  

This point is important to foster the development of flexible thermal uses whose level is 

correlated to needs. Indeed, the thermal usages are available precisely when temperatures 

are low and high power extracted from the distribution network and they are less available 

when temperatures are high and withdrawals are lower. 
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4.4.3 Tools 

4.4.3.1 Feedback on telecom tools 

The gas appliances are controlled through a communication channel developed especially in 

the framework of Nice Smart Valley. This automated and secure information system allows 

the aggregator to control the operation of the appliances and thus to be able to respond to 

requests from the electricity DSO for flexibility. 

 

Figure 137 – General view of the communication chain 

 

A first web service allows communication between DSO and aggregators information systems. 

The DSO can communicate to aggregators the flexibility needs (time and power needed).A 

second webservice enable the aggregators to exchange information with the supervising tool: 

 Potential of flexibility on all assets 

 Machine constraints 

 Geolocation of machines (scale of a node) 

 Availability forecast 

 Status of each site in real time (power 

consumption) 

 Aggregated count 

 Gas Solution Control in ON / OFF Mode + Activation Time 

 

It allows aggregators to have a current vision of all the flexibility appliances that are available 

in their portfolio and respond best to the DSO requests for flexibility.  

 

The TOPKAPI supervision tool is built to acquire 

requests from webservices, translate and transmit 

piloting orders and pilot the 3 types of gas 

solution. It also collect and store data from LPUs 

and give a data view in a monitoring portal. 
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The Local Processing Unit (LPU) receive and execute supervision commands on 

the gas appliances. It also collects data and save it in local in case of 

communication break.    

 

 

The report editor, called AQUACALC, saves the 

data on long term. It can calculate and edit 

curves in order to prepare experimentation 

reports.  

 

 

The IT developments made to connect the gas appliances to the aggregator portals and 

manage its flexibility (algorithms, software applications, telecommunication network, web 

services) is out of scope of GRDF’s business-as-usual activities. In this project, it has been 

supported by GRDF to facilitate the implementation of gas/electrical flexibilities in order to 

study their value for both the power grid and the customer. In the future, it will be the role 

of manufacturers, aggregators or other market players to make the necessary developments 

to manage the flexibility of gas appliances. For now, piloting system is not always integrated 

into the technologies used in Nice Smart Valley (hybrid appliances for example).   

The communication chain works well, however, the following points need to be considered: 

• From the beginning of the project, a precise description of the need must be done, 

integrating the stakeholders: 

 Aggregator to manage the flow of information to process 

 Manufacturers to drive at best the appliances 

• The L.P.U. integrate different equipment, in a single box: the size of the L.P.U. is not 

negligible. 

• The commissioning phase is crucial: it is imperative that the entire chain works to validate 

the installation of the site. A check must also be carried out within 15 days after installation 

to validate the piloting, the good feedback of the data as well as the coherence. 

• The run phase must be followed permanently, either by software or by a person dedicated 

to this activity. It is essential to be responsive in case of breakdown or malfunction, every 

day without data and one day less in analysis 

• The design of the reports must be done by a duo of people, an expert in the data 

processing, the other in the trade (here the competence in the hybrid boiler, hybrid rooftop 

and CHP). This ensures the accuracy of the reports. 

 

4.4.3.2  Flexibility platform specifications  

E-FLEX is hosted in the Enedis cloud, which is a sufficiently secure environment in which, 

given their level of sensitivity, the flexibility data can be lodged. XML communications via 

XMPP channels with the aggregator comply with the CIM Market V2 format (European 

standard in force for all exchange platforms), which defines the standards to be complied 
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with in the structure of the XML message transmitted. These standards are communicated 

to the aggregators in the form of XML Schemas (XSD). 

E-FLEX was developed to be modular, configurable and dynamic in accordance with the 

needs of future local flexibility markets for which the management of geographic areas and 

zones may vary. It is capable of managing new geographic areas with new aggregators. 

Moreover, it is capable of managing new markets19 with other demonstrators. The project 

recommends designing a portal of the "white label" type 20in order to be able to customize 

the portal for each new project. 

E-FLEX is designed to be usable by several projects simultaneously. It is a product which 

provides basic functionalities but allows other development layers to be added to adapt to 

the needs of each demonstrator. 

The steps to be followed to configure E-FLEX for a new local mechanism are as follows: 

 Configure a new URL 

 Load the database with the new flexibility entities and network substations 

 Configure XMPP channels with the aggregators 

 Exchange XML Schemas (XSD) with aggregators via the contract to enable them 

to understand the messages exchanged 

When a new aggregator enters a local mechanism, a log on to the XMPP channel of E-FLEX is 

necessary to establish communication. The necessary specifications are presented to the 

aggregator to enable it to configure its channel. 

Then, the XML Schemas (XSD) are forwarded to the new aggregators to enable them to 

communicate with E-FLEX via the XMPP channel. The list of MV/LV substations should be 

added to allow new customers to be added 

To summarize, E-FLEX is a tool which complies with the standards, which protects sensitive 

data, but which remains simple and scalable. It is thus the minimum basis for establishing a 

local flexibility mechanism. The project recommends this type of approach for an emerging 

market such as local flexibilities: it does not seem a good idea to conceive and develop 

platforms incorporating complex processes so long as the volumes exchanged remain small 

and the business models uncertain. Complexity should be able to be incorporated later if 

and only if the situation so requires. This is a requirement to enable new players to commit 

themselves simply. 

 

4.4.4 Characteristics of the various flexibility sources 

4.4.4.1 EDF customer impact 

The obtained results are sensitive in the given competitive environment and are therefore 

not publicly disclosed. A comprehensive summary is provided hereafter whereas the full 

results will be made available to the European Commission upon request. 

 

In order to better understand our customers, EDF organized a survey which enabled us to:  

 

                                            

19 A market represents a new demonstrator which uses E-FLEX with other aggregators 

20 Blank product which is instantiated to make a customized site 
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 test their understanding of the scheme and the associated messages (understanding 

of ambitions, stages, and expected environmental benefits); 

 test the experimenters' reactivity to the requests provided for in the programme; 

 identify levers that could encourage consumption postponement or load shedding 

actions; 

 identify the experimenters' expectations; 

 identify the types of offers that could interest the experimenters; 

 identify areas for improvement of the relationship management programme; 

 identify barriers to load shedding (why should I be less active?); 

 see how to motivate people to commit themselves in the long term. 

 

This survey was sent by email at the end of September 2019.  

 

The Nice Smart Valley project is understood by most of these experimenters as a project 

designed to reduce energy consumption and conserve the electricity grid. The objectives of 

renewable energies integration or support for the development of new uses such as the 

electric vehicle are less obvious for these experimenters. 

The project is almost unanimously considered by these experimenters who replied to the 

survey as easy to understand, and for a majority of them it changed their consumption 

practices. 

The equipment on which the respondents say they acted, by limiting or postponing the use 

of their electrical equipment on activation days, is, like in the previous experiments 

(NiceGrid and Cityopt), mostly large household appliances: electric oven, clothes and dish 

washing machines, and also equipment which is not necessarily used every day and whose 

use can be more easily postponed. Like in the previous experiments, we also note that 

equipment related to leisure and entertainment or education is equipment on which 

households act less/limit their use less: TV sets, computers and game consoles. 

These actions of reducing or postponing use were not perceived by these participants as 

constraining to carry out. 

Behavioural flexibility (i.e. when the load shedding actions are, as in this programme, "left 

to the control" of the inhabitant) is considered easy to achieve. 

Although these actions were not constraining for these households, most of them 

nevertheless state that they could not do more/be more flexible in their use.  

Regarding rewards, the gift voucher was a decisive factor more often than the Smart Points  

 

4.4.4.2 ENGIE Customer impact 

In the case of B2B flexibility, the impact is neutral for the customer in terms of usage 

because the generator fully compensates for the curtailment. The substitution cost of energy 

(electricity substituted by fuel oil) is between 0-93 €/MWh depending on the cost of the 

electricity supplier at the time of flexibility activation. 

In the case of B2C hybrid flexibilities, the gas boiler thermally compensates for the 

interruption of the heat pump. The temperature impact remains < 1°C. The desoptimization 

of the customer's bills is comprised between 20-60€/MWh curtailed. 
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In the case of B2B hybrid flexibilities, the gas boiler also compensates for the interruption 

of the heat pump. The temperature impact remained < 1°C. The disoptimization of the 

customer's bills is comprised between 0-30€/MWh curtailed. 

In air conditioning mode, in the event of an interruption of the heat pump, there is no cold 

compensation. The temperature rise is about 1°C/h, so it is necessary to limit the duration 

of the flexibility activation to 2 hours. We consider that the use will be completely postponed 

so it will be neutral in terms of bills. 

Outstanding question: answer to a long flexibility. Assembly/grouping of offers 

Excluding hybrid flex and generators, B2C and B2B customers' flexibilities can only be 

activated for short periods of time (1 hour). They must therefore be cumulated to give long 

products. The algorithms developed by the aggregators should make it possible to propose 

long curtailments to the DSOs by rotating the flexibilities in time. 
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4.4.4.3 Feedback on hybrid Flexibility equipment (GRDF) 

Gas/electric appliances are able to generate power curtailment, in order to operate more 
effectively in case of incidents or maintenance works on the electrical network. The gas 
appliances are mature, robust, compact and rather "low-tech”. Nice Smart Valley shows that 
a flexibility can be done by traditional products. Many benefits can be provided by these 
technologies: 

Table 48 – Benefits of hybrid flexibility equipment 

Technology 1: GAS ENGINE COGENERATION (CHP) 

B
2
B
 

When cogeneration is in operation, it can be mobilized in seconds, has an ability to modulate 

and may be used for long periods. The flexibility potential is interesting through at stake 

powers. 

The heat demand conditions the functioning of the CHP (results in a return temperature on 

cogeneration less than 65 °). During the flexibility, the client’s comfort is not modified, there 

is no rebound effect.  

Technology 2: HYBRID APPLIANCES 

B
2
B

 /
 B

2
C
 

During the activation of the flexibility, the gas boiler keeps the client's comfort in heating 

mode. Hybrid technology can also be mobilized over long periods: there is no impacts for the 

final user. 

The contribution of thermal energy alternative to natural gas eliminates the rebound effect. 

However, the flexibility deposit is heat sensitive, framed by thermal requirements and user 

action on the set temperature. 

In summer the mobilization period will depend on the client's discomfort which may decide to 

stop flexibility. A more or less significant rebound effect is found based on heat input. 

B2C - hybrid boiler (= hybrid heat pump) 

The B2C customer consumption profile is very difficult to standardize.  

In winter, when the heating requirements are too high, the regulation cut the heat pump and 

the potential curtailment is zero. 

The hybrid heat pump has a low potential for power curtailment. It is therefore necessary to 

aggregate enough flexibilities (with other sources of deposits or not) across the grid to lend 

weight to power erase this is the role of the aggregator.  

B2B - hybrid rooftop 

B2B consumption profile is more predictable and less variable than a particular client. The 

schedule of operation of the technology is less prone to changes. 

Even if the potential of flexibility is heat sensitive, it’s more interesting than B2C, using the 

high power installations. 

In summer several rebound effects are observed at the end of flexibility calls. 

REMOTE CONTROL OF TECHNOLOGY 2 

B
2
B
 /

 B
2
C
 The remote control allows to avoid any action from the user and does not require notice period. 

Indeed, for the so-called behaviour flexibility, it’s necessary to inform the client before the 

activation of the flexibility. With an automaton, the activation time is very short, regardless of 

technology. The entire control chain increases the duration of activation of seconds to minutes. 
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4.4.4.3.1 Hybrid appliances 

Hybrid boilers 

The power curtailment potential for hybrid boilers (= hybrid heat pumps) is low since it is 
about 0.9 kW. It may be more important in terms of external conditions and the set up to 
2.3 kW per system in winter, but calculated value depends on: 

- the conditions of the settlement area, mild temperatures, low heating needs; 

- installed power deliberately weak to retain the ability to operate the boiler in heating 
mode;  

- the method of calculation of the flexibility that is to retain the 30 minutes preceding 
the activation. 

Curtailment will be more effective if potential erase hybrid heat pumps are aggregated. 

 

Hybrid roof-top 

The B2B market provides better visibility into the operation of the technology. Once the 
settings on site, the operation of the technology is dependent on thermal needs. As the 
installed thermodynamic power is more important, potential curtailment technology is more 
interesting for an aggregator.  

In this experimentation, the hybrid rooftop presents a potential of 27.9 kW during winter 
and 14 kW for summer. The system therefore operates on a well-defined range from Monday 
to Friday from 9am to 6pm. He is available to answer calls for flexibility on these niches. 
But in reality, the number of operating hours in winter mode is not very important. The 
reason for the low volume of operating hours is related to the presence of another heating 
system in the gymnasium which limits the winter operation. Despite investigations on site, 
the thermal load has not been identified to date. 

The second cause of the failure to take account some activations is human. It is the result 
of maintenance by the technical service of ETT and a reset of the command chain. After 
that, the system was not remotely controllable for a period. 

 

Costs associated with the activation of the boiler  

When the thermodynamics of the heat pump is cleared, the boiler takes over with a yield 

most of the time lower heat pump. According to operating conditions, the cost of energy 

and the difference between the price of electricity and natural gas, the bill may be higher 

for flexible customer. 

The more powers curtailments will be, the more the gap on the invoices will be important. 

As part of the demonstration, the client comfort prevails. But the use of natural gas in 

addition of the heat pump also provides flexibility to the user who can manage his comfort 

as he wishes. The customer may decide to maintain the temperature, reduce it or give it up 

for deletion. 

These three modes are described below: 

- Constant comfort mode: The level of comfort is maintained regardless of the price 
difference between the use of both technologies. This is the model selected by the 
Nice Smart Valley demonstrator. It does not present winter rebounds.  

- Economic mode: After stopping the heat pump, the gas boiler is not started. The 
duration of the curtailment will be limited, and a rebound effect (impact on the invoice 
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to be evaluated) can be observed with more or less intensity. This intensity will depend 
on the length of the deletion, the inertia of the building, the temperature set point in 
the housing and the heat demand. During the power curtailment, the costs of using gas 
technology are limited in terms for uses of hot water. 

- Constant price model: The boiler output will be adjusted to the cost "projected" to 
use the heat pump while erasing. In the second configuration, comfort is more or less 
affected depending on the inertia of the building and the cost of energy. The rebound 
effect is limited. 

 

When the activation is applied at three individual houses, it is possible to see that the 

activation cost varies depending on the housing (orientation, year of construction, number 

of occupants, setpoint), the distribution system therefore the type of transmitters and 

temperature exterior. In this experimentation, the activation costs between € 3.4 c and 8.4 

c € by activating boiler hybrid per client.  

4.4.4.3.2 Combined heat and power systems (CHP) 

The control carried out in the gas cogeneration is much easier to predict. Technology has a 
very stable operation mode over the entire operating period. 

The gas engine cogeneration has a power generation capacity of 70 kWe. The system is 
flanged between 6pm and 6am at 60% of its production capacity, about 40.2 kWe. If the 
thermal needs are sufficient, depending on slots, the system will have an electrical output 
of 40.2 kW, or 67 kW (during the day, 6am to 6pm).The operation period of the cogeneration 
runs from 1 November to 31 March. During its operating period, the system has an erase 
potential of 27 kW on each activation and is fixed.  

A gas engine cogeneration constantly supports the power grid through its electricity self-
consumed and / or reinjected. But this mode does not provide flexibility to the grid 
according to the distributor. A CHP activated only when calls aggregators is a flexible since 
it meets a specific need for flexibility on part of the grid. 

Once this new mode of operation is implemented on the Schneider site Electric, le engine 
responds to all calls for flexibility with a regular slot in profile and a constant erase potential.  

4.4.4.3.3 Power curtailment analysis 

The steering remote technology is successful since it helped to answer many requests from 
aggregators without requiring human intervention. The system receives the order from the 
aggregator, clears the appliance and restarts at the end of the call flexibility.  

To date, the costs of developing a control layer are important. But these costs will tend to 
decrease with volume of installed products and if flexibility is built on technology office. 

Cogeneration is already equipped to receive a control of the load by an external control. 

 The hybrid Rooftop has a clutch function.  

 The hybrid heat pump has an erase function in Germany but it is not available in 
France.  

The development of the steering hybrid could probably do without the consensus of all 
manufacturers developing electric power steering equipment outdoor units heat pump. 
But this possibility deserves to be compared with that offered by other manufacturers 
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4.4.4.3.4 Lessons 

How to limit the activation costs for the hybrid 

For the production of heating, the COP (coefficient of performance) of heat pumps is better 

than COP of a gas condensing boiler. The effect is amplified in a Mediterranean region (Nice) 

with mild temperatures in winter. When the thermodynamics part of the heat pump is 

cleared, the boiler takes over with a lower yield. Depending on the cost of energy and the 

difference between the price of electricity and natural gas bill may be higher for flexible 

customer. 

The more the appliances are important, the more the power curtailment will be significant 

and the greater the impact on the bill will be high. But natural gas offers flexibility to the 

user who can manage his comfort as he wishes. 

Illustration in the case of B2C customers (costs in July 2019): 

Table 49 – Illustration in the case of B2C customers (costs in July 2019) 

 
Base Dynamic price 

kWh gas kWh elec Report  kWh elec kWh elec HP report HC report 

5.7 15.55 2.7 17.1 13.2 3 2.3 

Subscription gas € 249.12 / year B1 tariff 

electric Subscription 142.08 € / year for 9 kVA 

 

Application to 3 B2C sites on a flexible activation: 

Table 50 – Application to 3 B2C sites on a flexible activation 

  
Site #1 Site #2 Site #3  

temp outside 13 ° C 10 ° C 8 ° C 

Real 
performan

ces 

temp water 54 ° C / 51 ° C 51 ° C / 46 ° C 41 ° C / 37 ° C 

Pcalo (kW) 4.48 4.64 3.43 

Pabs (kW) 1.6 1.6 1.04 

COP 2.8 2.9 3.3 

Ƞ / PCI boiler 0.96 0.96 0.96 

Constant 
comfort 

Cost elec (€ c) 24.88 24.88 16.2 

cost gas 26.6 27.55 20.4 

Delta 1.72 2.67 4.2 

Constant 
price 

Cost elec (€ c) 24.88 24.88 16.2 

P boiler (kW / PCI) 4.2 4.2 2.7 

Delta P in kW -0.3 -0.4 -0.7 
Compare boiler performance and costs and CAP 

 

The demonstration is conducted every time on real activations. But it is also possible to 

apply the approach based on performance displayed by the manufacturer on different 

outdoor temperature regimes and emission. 

 

For each site, the activation cost varies depending on the kind of transmitters so the 

distribution of temperature and the outside temperature. The higher the outside 



D9.3 Demonstration results based on the KPI measurements  
and lessons learnt from the demonstrations 
 

 

InterFlex – GA n°731289  Page 204 

 

temperature drops, the more gas boiler becomes competitive in terms of energy costs 

compared to the CAP. The higher the temperature of the distribution network is, the lower 

the price difference is remarkable. 

Steering systems 

The cost also depends on activation of the development cost of the driver layer. These costs 
will tend to decrease if flexibility is built on technology office. Cogeneration is already 
equipped to receive a control of the load by an external control. This was also the case of 
the hybrid Rooftop thanks to the possibility of release. However, for the B2C, the control 
had to be reflected to the end, the electrical erase is carried out by a cleavage of the 
outdoor unit part. And thanks to the joint control of the hybrid system, the gas boiler can 
operate then leave again the priority operation to the CAP at the end of the curtailment. 

The development of the pilot of the hybrid in the case of B2C could probably do without the 
consensus of all manufacturers developing electric power steering equipment outdoor units. 
But this possibility deserves to be compared with that offered by other manufacturers. 

Return on experience for the appliances 

All the tested products are mature. But the treatment of dysfunctions by manufacturers was 
not always up to the problem. On the one hand, Cogengreen and ETT manufacturers showed 
real professionalism in handling encountered operational problems. And on the other, the 
manufacturer Saunier Duval has demonstrated a lack of knowledge of its hybrid products 
undermining the project results. Improvements remain to be developed by manufacturers to 
industrialise the control of local flexibility. 
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4.4.4.1 Summary of Flexibility sources characteristics 

The field experiments were able to provide feedback on the use of the various types of 

flexibilities.  

The table below lists various types of flexibilities according to their technical characteristics. 

Table 51 – Various types of flexibilities according to their technical characteristics 

Type of 
flexibilit
y 

Notifica
tion 
time21 

Effectiv
e 
activati
on 
time22 

Use cases 
(works/inci
dent/ 
multi-
service) 

Pro
ces
s 
(D-
N/D
) 

Advantage of this 
type of flexibility 

Disadvanta
ge of this 
type of 
flexibility 

B2C 
behaviou
ral 
Electric 

Day 
ahead  

Not 
relevant 

Intraday 
was not 
tested 
More 
suitable for 
the 
flexibilities 
required 
for 
scheduled 
works 

D-N 
(Int
ra-
day 
was 
not 
test
ed) 

No instrumentation 
enabling a simpler 
recruitment 
 

- Limited 
power 
levels to 
comply 
with local 
constraints 
- 
Imprecision 
of the 
volume of 
flexibility 
activated 

B2B 
behaviou
ral 
Electric 

Day 
ahead  

Not 
relevant 

Intraday 
was not 
tested 
More 
suitable for 
the 
flexibilities 
required 
for 
scheduled 
works 

D-N 
(Int
ra-
day 
was 
not 
test
ed) 

No instrumentation 
enabling a simpler 
recruitment 
 

- 
Adaptation 
of the 
baseline 
calculation 
method to 
the 
customer's 
characteris
tics 
- According 
to the 
customer, 
imprecision 
of the 
volume of 
flexibility 
activated 

B2C 
controlla
ble 
Gas/Elec
tric 

a few 
seconds 
to a few 

A few 
seconds 
to a few 

Works & 
incident 

D-
N/D 

- Responsive: can be 
mobilized in a few 
minutes 
- Automatic: requires 
no action by the user 

- Limited 
power 
levels to 
comply 
with local 
constraints 

                                            

21 Minimum time needed before request from ENEDIS and actual modulation 

22 Time required between aggregator activation and modulation 
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(hybrid 
boiler) 

minutes
23 

minutes
24.  
 

- Very little impact on 
the end user's comfort 
in heating mode 
- Can be mobilized 
over a long period of 
time in heating mode 
- Potential 
proportional to the 
demand (the more 
customers consume, 
the more load 
shedding they can 
perform) 
 

- 
Imprecision 
of the 
volume of 
flexibility 
activated 
- auto-
curtailmen
t in 
extreme 
cold 
periods 
(substitutio
n by gas 
energy) 

B2B 
controlla
ble Gas 
(cogener
ation) 

a few 
seconds 
to a few 
minutes
25 

A few 
seconds 
to a few 
minutes  

Works & 
incident 

D-
N/D 

- Responsive: can be 
mobilized in a few 
minutes 
- Automatic: requires 
no action by the user 
- Long-term 
modulation (no time 
limit) 
 
- No impact on the 
end user's comfort in 
heating mode 
- Can be mobilized 
long-term 
- Function (power 
modulation) already 
present on the 
product 
- High unit power 

- On 
condition 
that 
heating 
demand 
exists 
- High costs 
of 
activation 
if 
cogenerati
on is under 
a contract 
of the C16 
CR type 

B2B 
controlla
ble 
Gas/Elec 
(rooftop) 

a few 
seconds 
to a few 

A few 
minutes 
(< 5 
min.) 
 

Works & 
incident 

D-
N/D 

- Responsive: can be 
mobilized in a few 
minutes 
- Automatic: requires 
no action by the user 
(better predictability 
than B2C flexibility). 

- 
Adaptation 
of the 
baseline 
calculation 
method to 
the 
customer's 

                                            

23 The aggregator needs time to assess the advisability of proposing a bid. This time may be between 
a few seconds and several minutes depending on the automation of this process, and on the kind of 
product (committed or not) 

24 Technically, the communication chain established by GRDF makes it possible to be very responsive, 
even if unplanned events during the experiment made it impossible to achieve this level of 
performance.  

 

25 The aggregator needs time to assess the advisability of proposing a bid. This time may be between 
a few seconds and several minutes depending on the automation of this process, and on the kind of 
product (committed or not) 
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minutes
26 

- Very little impact on 
the end user's comfort 
in heating mode 
- Can be mobilized 
over a long period of 
time in heating mode 
- Significant capacity 
subject to load 
shedding at the LV 
level 
- Potential 
proportional to the 
demand (the more 
customers consume, 
the more load 
shedding they can 
perform) 
 
 

characteris
tics 
- According 
to the 
customer, 
imprecision 
of the 
volume of 
flexibility 
activated 
- auto-
curtailmen
t in 
extreme 
cold 
periods 
(substitutio
n by gas 
energy) 

B2B 
controlla
ble back-
up 

10 min. A few 
minutes 
(<10min) 

Works & 
incident 

D-N 
or D 

Substantial, reliable, 
responsive power 
without impact for 
the customer 
Prolonged load 
shedding 

- CO2 
emissions 
- High cost 
of 
activation 

Storage a few 
seconds 
to a few 
minutes
27 

None Works & 
incident 

D-N 
or D 

Predictability of 
flexibility. 
Very high 
responsiveness 

Non-
negligible 
losses. 
Prohibitive 
initial cost 
of storage 

Table 52: Flexibility sources characteristics 

The day when a flexibility market is established, these findings will enable aggregators to 

identify a cost of remuneration for each type of flexibility they have in their customer 

portfolio. 

                                            

26 The aggregator needs time to assess the advisability of proposing a bid. This time may be between 

a few seconds and several minutes depending on the automation of this process, and on the kind of 
product (committed or not) 

27 The aggregator needs time to assess the advisability of proposing a bid. This time may be between 
a few seconds and several minutes depending on the automation of this process, and on the kind of 
product (committed or not) 
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4.4.4.2 Assembly /grouping ofoffers for long-term flexibility 

Excluding hybrid flex and generators, B2C and B2B customers' flexibilities can only be 

activated for short periods of time (1 hour). They must therefore be cumulated to give long 

products. The algorithms developed by the aggregators should make it possible to propose 

long curtailments to the DSOs by rotating the flexibilities in time. 

4.4.5 Business model  
 

According to the report on "Valorisation économique des Smart Grids" (economic valuation 

of Smart Grids) published in 2017, the flexibility value defined by ENEDIS for investment 

transfers is between 0 and 24 €/kW/year. . The Business Model for the aggregators on local 

flexibility market is mainly depending on the local value. Indeed, without local value there 

is no incentive to encourage FSP to develop flexibility at a specific place. Devevelopment of 

flexibility offers market could occur but without specific effort to develop portfolio at a 

specific place and then without any change of current FSP business model, which is at 

national level. 

Based on the project experiment, the costs incurred to establish the customer portfolio 

offering flexibilities (recruitment, coordination, remuneration, IT operating costs, flexibility 

activation) will not make it possible to have a profitable business model given the current 

flexibility value proposed by ENEDIS.  

 

ENGIE and EDF’s detailed analyses of their respective business model are are sensitive in the 

given competitive environment and are therefore not publicly disclosed. The full results will 

be made available to the European Commission upon request.  
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 GE FORECASTING TOOL FOR USE CASE 3 

5.1 Description 

5.1.1 Context 

 
With the always increasing installation of DER (Distributed Energy Resources), the DSO is 
facing new problems. One of them is the rise of grid constraints implied by the de-
synchronization of the intermittence of the renewable resources and the consumption. 
Network violations can for instance happen due to over-voltages entailed by a massive 
amount of renewable energy generation e.g., during summer time. Another example is the 
appearance of load peaks due to a rise of electricity consumption e.g., during winter months. 
 
To tackle this problem, the DSOs need to estimate the state of charge of the network ahead 
of time, so that they can anticipate the problems. By knowing the situation of its network 
(possible constraints, etc…) in advance, the operator can then plan corrective actions 
Examples are, amongst others,   the modification of the control schemes of its network to 
inhibit a constraint, or the possibility to use flexibilities based on current technical and 
financial constraints. 
In the context of Interflex, giving useful insights to the operator about how its network will 

be in the coming hours or days is addressed through the computation of Load and Generation 

forecasts. 

Two modules delivering Load and Generation forecasts of distributed energy resources (DER) 

have been designed and implemented. These modules seek to provide up to seven days 

forecasts on electrical entities part of the Nice Smart Valley distribution grid. These 

forecasts are then used to relieve potential future network constraints by activation of 

flexibilities. 

   

5.1.2 Objectives 

The main objective of the forecasting module is to create robust and reliable algorithms 

allowing to provide useful insights to the operator, complementing the current tools that 

the operator has at hand. 

To reach this objective, Enedis – The French DSO – and GE have worked together to develop 

state-of-the-art forecasting methods. An experimentation has been realized in which 

forecasts have been computed on electrical entities part of the demo network, by each 

forecasting tool. 

Several metrics (Key Performance Indicators, KPIs) have been implemented allowing to 

qualify the accuracy of the produced Load and Generation forecasts. 

A cross-evaluation has then been driven by both Enedis and GE in order to assess the accuracy 

of the developed methods. 

This cross-evaluation has allowed to: 

- Assess the accuracy of the algorithms developed by Enedis; 

- Assess the accuracy of the algorithms developed by GE; 

- Compare different algorithms to learn the best-in-class. 
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5.1.3  Data  

5.1.3.1 Experimentation area  

The consumption and injection data forecasting scope was limited to the source substations 
of the Nice Smart Valley flexibility experiment area, namely Carros, Guillaumes, Isola and 
Lingostière (cf. §D9.1). 

5.1.3.2 Scope of data  

Static data 

The following static data were provided by ENEDIS to enable GE to define its forecasting 

model. 

 

a. The geographic location of remotely recorded producers * associated with the 4 source 
substations described earlier. 

 Volume: on the 4 source substations, i.e. 17 producers (all > 36 kVA) 
 Geographic level: level of the commune. 

 

b. The sum of the injection connection capacities of producers not remotely recorded by 
source substation and the sum of the injection connection capacities of remotely 
recorded producers by aggregation: 

 Volume: 4 source substations, i.e. 4 aggregate maximum capacity results for producers not 
remotely recorded and one result by aggregation of remotely recorded producers. 

 Geographic level: Carros, Guillaumes, Isola and Lingostière source substations. 
 
Note that the number of producers constituting the sum of capacities has not been disclosed. 
Moreover, the aggregation must comply with data privacy rules, i.e. contain the added capacities of 
more than three producers. 

 
c. Nominal capacity per source substation: 

 Volume: 4 source substations. 
 Geographic level: Carros, Guillaumes, Isola and Lingostière source substations. 

 

Dynamic data 

Like the static data, the following dynamic data were provided to GE for calibrating and 

measuring the quality of the forecasts.  

The draw-off and injection forecast data and the remotely recorded data provided for the 

partner GE by Enedis within the framework of the Nice Smart Valley project are as follows. 

 

a. Remotely recorded draw-off data (the load curves of 4 source substations). 

 Geographic level: curves by source substation (not aggregated) 
 Historical data volume: 35 months from 30 June 2016 to 30 May 2019.  

Data volume dedicated to KPI calculations: 6 months from 1 June 2019 to 30 November 2019.  
 Time interval: 30 minutes 
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b. Remotely recorded injection data (the production curves of all the telemetered 
producers* associated with the 4 previous source substations *based on remotely 
recorded metering) 

 Geographic level: curves aggregated by at least** 3* producers in order to comply with 
statistical privacy for the firms   
Historical data volume: 35 months from 30 June 2016 to 30 May 2019.  

Data volume dedicated to KPI calculations: 6 months from 1 June 2019 to 30 November 2019.  
Time interval: 30 minutes aggregated by at least** 3* producers (if the load curves are 
available). 

 
** or more producers if necessary in order to ensure that none of the producers accounts for 
more than 85% of this aggregation. If impossible, data transmission cannot be authorized 
without the written consent of the producer accounting for more than 85%. 

 

c. Draw-off forecast data (the load curves of 4 source substations): 

Volume: 4 source substations of Nice Smart Valley, namely Carros, Guillaumes, Isola and 

Lingostière 
Geographic level: curves by source substation  
Time level: Data as available, transmitted on D-1 from contract signature. 
Time interval: 30 minutes. 

 
d. Injection forecast data (the production curves of all the telemetered producers* 

associated with the 4 previous source substations *based on remotely recorded 
metering): 

 
Volume: PV producers distributed over the 4 source substations identified above. 

Geographic level: curves aggregated by at least** 3* producers in order to comply with 
statistical privacy for the firms   
Historical data volume: 35 months from 30 June 2016 to 30 May 2019.  
Data volume dedicated to KPI calculations: 6 months from 1 June 2019 to 30 November 2019.  
Time interval: at 30-minute interval aggregated by at least** 3* producers (if the load curves 

are available). 
 
** or more producers if necessary in order to ensure that none of the producers accounts for 
more than 85% of this aggregation. If impossible, data transmission cannot be authorized 
without the written consent of the producer accounting for more than 85%. 

 

5.2 Implemented solutions 

5.2.1  GE’s Forecasting Solution 

Solution overview 

The Forecasting solution provided by GE seeks to provide a common suite of software 

modules satisfying a broad range of forecasting requirements over operational time horizons 

(e.g. minutes to days), with the following considerations: 

- Resilience to missing, incomplete, unavailable data. 

- Ability to support multiple forecasts concurrently, with different horizons, time 
resolutions, look-ahead periods, levels of aggregation within the network. 

- Configurability by the user, including the selection of one or several algorithms 
amongst the forecasting models supported by the solution: parametric and non-
parametric models (machine-learning category). 
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The Forecasting solution functionalities include: 

- Processing of historical data and explanatory variables.  

- Statistical learning, online validation and model parameter estimation.  

- Generation of the forecast time series. 

- Performance Evaluation, including calculation of the forecasting metrics in relation 
with the actual measurements, performance tracking. 

- Export of the forecast time series. 

The primary goal of the Forecasting solution is the forecasting of intermittent distributed 

generation and load. 

Functional & Implementation design 

The Forecasting solution that has been delivered in Interflex (see Figure 1) is made up of 

distinct modules and libraries interacting together to deliver the functionalities described in 

the previous section. 

The Forecast Engine module monitors a set of algorithms capable of learning from a set of 

data to further make predictions. The current Forecast Engine algorithms includes a range 

of different methods such as Linear Regression or Similar Day. Each of these algorithms can 

further assess the accuracy of their learning, avoiding over or underfitting. The Forecast 

Engine maintains the state of all trained models allowing to take decisions e.g., on model 

re-training. Retraining a model is performed based on events or on a predefined schedule. 

Forecast computation is launched based on events, a predefined schedule or on-demand. All 

these schedules are maintained by the Forecast Engine Controller module. 

The VEE module (standing for Validation, Estimation and Editing) is a component in charge 

of ensuring that all received time series are “sound and complete” and make the appropriate 

changes otherwise.  

The Performance Assessment module enables to assess the accuracy of the predictions 

being made by the different forecast engines. Using several metrics (well-known as well as 

designed in Interflex – see KPI section), it allows to track the performance of the models 

over time and to predict the needs to retrain some models. It also enables the operator to 

get insights on the accuracy of the produced forecasts. 

The Data Export module allows to export the generated forecasts to various external 

systems. In the context of Interflex, this component has been customized in order to export 

the forecasts computed by the solution to the systems used by Enedis. 

The Data Source Adapters are a set of components capable of ingesting the various types 

of data required by the application. This includes Weather forecast data and historical 

measurements. In order to assess the performance of the forecasts produced by the Enedis’ 

platform, additional adapters have been developed for Interflex, such as the ability to ingest 

Enedis’ produced forecasts.  

Additional libraries of the solutions include the process of historical data, such as unit 
conversion, temporal interpolation, spatial averaging, aggregation or normalization. 

The solution is also made of a set of core services in charge of managing, e.g., the 

interaction with the Time Series repository, the electrical model repository, etc. 
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Figure 138 - GE Forecasting solution delivered in Interflex 

 

At the implementation design level, the Forecasting solution provided by GE is based on a 

microservice architecture. The application is structured as a collection of loosely coupled 

services, each running in its own process and independently deployable. This design 

approach is often opposed to the legacy ‘monolithic’ applications that are each designed as 

a single, autonomous unit. 

- Microservices are mostly decoupled, each one being responsible for a well-defined set 

of coherent functions. 

- Microservices ‘communicate’ with each other through synchronous and/or 

asynchronous requests: 

o Synchronous requests: if a service needs data from another service to perform 

its operations, it makes direct REST (HTTP) calls. 

o Asynchronous requests: Otherwise, a publish/subscribe mechanism is used (in our 

case Kafka topics and queues), and the service finishes its job once the results 

are published. 

Data ingested and generated 

In order to compute both Load and Generation forecasts, the solution takes the following 

input data: 

- Static data relative to the entities: installed capacity (Pmax), latitude, longitude. 

- Load and PV Measurement data: aggregated historical measurement data for the 4 

primary substations defined in the demonstration scope. 
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- Weather forecasts: GRIB28 files that are periodically fetched from the public Meteo 

France API and that contain forecasts of Temperature, Wind, Irradiance, etc. 

- Calendar data: contains days for which a particular consumption or generation pattern 

is usually observed, e.g., public holidays. 

To perform a cross-evaluation on the forecasts produced by both GE and Enedis, the GE’ 

Forecasting solution also stores the load and PV forecast data produced by the Enedis’ 

solution. These forecasts are imported into the solution allowing to determine their overall 

performance by computing pre-defined KPIs (see section 4.5.3.1 for KPIs definition). 

Comparisons between the forecasts produced by both platforms can then be analyzed, based 

on the computed KPIs. 

Based on the above inputs, the forecasting solution delivers the following output data 

- PV and load forecasts: 24-hours horizon (day-ahead) forecasts provided at a fixed 

hour. 

- Forecast performance KPIs: a set of indicators that assess the accuracy of each 

forecast. These indicators (KPIs) have been defined for each characteristic (PV and 

Load). 

- Availability KPIs: indicators on the consistency of data flow measuring the overall 

availability and timeliness of expected data (relative to both data imports and data 

exports). 

 

Workflows enabling the computation of forecasts 

Two main workflows are triggered in the GE’s forecasting solution. 

The first workflow accounts for learning the relationship between the amount of generated 

(or consumed) energy based on some factors (for instance Temperature, Irradiance, previous 

days, etc.)  

The learning workflow is performed on a weekly basis and consists of finding the quantity of 

generation (or consumption) Y from a set of explanatory variables Xi. 

For instance, in the case of a linear relation between Y and Xi, finding a model would consist 

of finding a set of parameters αi such that it matches as much as possible the following 

equation for all historical data used: 

𝑌 = ∑𝛼𝑖 × 𝑋𝑖

𝑖

 

This learning phase is a pre-requisite for any run of forecast computation. The outcome of 

the training operation is called a “predictor”. 

 

The second workflow deals with the computation of forecasts (Load, PV) using the models 

having been learnt from the first workflow. Daily (say, on day “D”) and based on schedules, 

                                            

28 GRIB for General Regularly-distributed Information in Binary form, is a concise data format 
commonly used in meteorology to store historical and forecast weather data. It is 
standardized by the World Meteorological Organization's Commission for Basic Systems. 

https://en.wikipedia.org/wiki/Meteorology
https://en.wikipedia.org/wiki/Weather_forecast
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the following workflow is performed in order to produce Load and PV forecasts for day 

“D+1”. 

1. Enedis pushes measurements of the day “D-1” as well as its own computed forecasts 

for the day “D+1” to the interface used for data exchange (see section 4.5.2.3) 

2. The Data Source Adapter (DSA) retrieves these measurements from the interface and 

extracts and converts the data to an internal format. It finally pushes this converted 

data to the VEE service (Validation, Estimation and Editing). 

a. The VEE receives the measurement timeseries and scans it in order to detect and 

flag any missing or aberrant values. A data cleansing process is then applied to 

correct the data and push them into the Time Series storage component.  

3. At another scheduled hour, the DSA fetches Weather data predictions (D+1 to D+4), in 

the form of a set of GRIB files. Meaningful information contained in these files is then 

extracted and converted to an internal format and further persisted into the Time 

Series Storage.  

4. Provided enough measurement and Weather forecast data is already persisted, the 

Forecast Engine (FE) service launches a run of forecast computation. 

a. The Forecast Engine retrieves a model having been previously learnt (described 

in the “learning” workflow above). 

b. The Forecast Engine further retrieves the most up-to-date Weather forecasts for 

D+1 obtained in step 3. 

c. If needed by the model learnt, the Forecast Engine retrieves historical 

measurements.  

d. Finally, with the model learnt and the data retrieved, forecasts (Load and PV) 

are derived and stored in the Time Series storage component.  

5. Once the daily forecasts are generated, two tasks remain to be performed by two 

respective dedicated services - Data Exporter and Performance Assessment. 

a. The Data Exporter service retrieves the relevant forecasts (D+1) from database 

then pushes them to data exchange interface, in order to make them available 

and accessible to Enedis 

b. The Performance Assessment service computes the set of KPIs over the forecasts 

produced for the day “D-1”. This is made possible due to the reception of 

measurements of the day “D-1”, sent by Enedis in the first step of this workflow. 

The performance assessment retrieves both forecasts and measurements related 

to day “D-1” from the Time Series Storage then runs the different algorithms 

computing all the KPIs. Each KPI score is finally stored to a dedicated database 

along with relevant metadata.  

In order to perform a true cross-validation experimentation, the performance assessment 

computations are not only performed on the forecasts produced by the GE Forecasting 

solution, but also on the corresponding Enedis forecasts. 

All the processes happening in the two workflows can be either scheduled or manually 

triggered, giving more flexibility to the operator (ad-hoc data upload, one-shot forecasts 

generation, etc.). 
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Figure 139 - Forecast and KPIs computation 

5.2.2 Overview of the sources of data entering the platform on the distributor 

side, and processing 

The data sent to GE are dynamic data sent every day (data of the day before). Data retrieval 

takes place via web services presented by the partner IS's in the form of time series in JSON 

format. 

The data sent to GE break down into four data types: 

 Measured photovoltaic production data from the day before: these are data retrieved 

via an Enedis IS for each delivery substation in the NSV zone  

 Measured consumption data from the day before: these are data extracted at the 

level of a PLIC29 retrieved via an Enedis IS by removing the contribution of local 

hydropower production retrieved via another Enedis IS 

 Forecast photovoltaic production data for the day after: these are data retrieved via 

an Enedis IS for each delivery substation in the NSV zone  

 Forecast consumption data for the day after: these are forecast consumption data at 

the level of a "PLIC" point retrieved via an Enedis IS 

To ensure the level of data privacy, the data retrieved are then aggregated by source 

substation in accordance with the 30Enedis data privacy standards. 

 1 producer must not account for 85% of the production by itself. 

                                            

29 PLIC: Contractual Injection Delivery Point ("Point de Livraison d’Injection Contractuel") at the 
interface between the public transmission and distribution grids 
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 At least 3 producers (>36kVA) measured remotely: observance of statistical privacy. 

However, it sometimes occurs that there are gaps in the data. These gaps are treated 

by placing flags in accordance with precise rules: 

 "Acceptable estimate" flag: if the gaps in the data represent less than 50% of the data 

to be aggregated. The application inserts this flag by estimating the power value 

based on the total connection power factor over the connection power of the 

retrieved data 

 Pestimated=
∑𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛 𝑝𝑜𝑤𝑒𝑟 𝑜𝑓 𝑑𝑎𝑡𝑎 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑎𝑛𝑑 𝑛𝑜𝑡 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑

∑𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛 𝑝𝑜𝑤𝑒𝑟 𝑜𝑓 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑑𝑎𝑡𝑎 
 × ∑𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑑𝑎𝑡𝑎 

 "Incorrect estimate" flag: if the data gaps represent more than 50% of the data to be 

aggregated. The application inserts this flag by estimating the power value based on 

the total connection power factor over the connection power of the retrieved data. 

Pestimated=
∑𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛 𝑝𝑜𝑤𝑒𝑟 𝑜𝑓 𝑑𝑎𝑡𝑎 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑎𝑛𝑑 𝑛𝑜𝑡 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑

∑𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛 𝑝𝑜𝑤𝑒𝑟 𝑜𝑓 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑑𝑎𝑡𝑎 
 × ∑𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑑𝑎𝑡𝑎 

 

 "Confidential" flag: if the data privacy rules (see above) are not complied with, the 

power value communicated is zero. 

 "Incomplete" flag: if it is impossible to estimate the power value, the power value 

communicated is zero. 

 "Complete" flag: if the data are complete and the data privacy rules are complied 

with. 
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Figure 140: Simplified diagram of the platform for GE 

 

The platform retrieves the forecast data every day at 8 am and the measured data every day 

at 5 pm. It then performs processing and generates a JSON file for each substation and each 

data type. The files generated are then made available to GE on the AWS (Amazon Web 

Services) cloud via an S3 Bucket, which is a secure and efficient storage service.  

In the event of an incident, catch-up is then performed by the IS Department. To do so, it 

must be checked whether the call to the various web services is working. If a web service 

does not respond, an alert is sent to the corresponding IS. Next, batches31 have been 

developed to facilitate the regeneration of missing data files.  

Figure 141 below gives an overall view of the processing operations performed on the 

platform. 

  

                                            

31 Batch: an automatic concatenation of a series of orders 
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measurement 
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Figure 141: Overall diagram of processing performed on the platform 

 

5.2.3 Interface between Enedis and GE  

The interface allowing the data exchange between Enedis and GE’s platforms has been 

designed by focusing on having an encrypted and secured transmission channel. As the data 

manipulated are related to customer consumption and generation, it was mandatory to 

ensure that the data could not be intercepted and used by any third-party.  

The chosen solution has consisted in an Amazon Simple Storage Service (S3) bucket, sitting 

in the middle of the two platforms. Access to the bucket is performed using an access key 

and secret key, both of which were shared securely (with encryption) between GE and 

Enedis. 

Another key feature of S3 bucket is the ability to restrict the list of IP addresses allowed to 

communicate with the bucket. On GE’s side, only the deployment server on which the 

forecasting solution was running, could access the bucket. No local desktop or any other 

device, even with the right credentials, was able to access the S3 bucket. 
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In addition, an AES 256 encryption was applied to all files that were dropped in the bucket. 

A password securely shared between Enedis and GE served as a private decryption key to 

unlock the files containing the data. 

Data shared between Enedis and GE was also anonymized and aggregated to avoid retrieving 

information of a personal customer in the case of a data breach (see section 5.2.2). 

During the whole demonstration period, GE’s Forecasting solution has furthermore been 

deployed in a server at GE’s private cloud hosted in France. This server was almost 

completely disconnected from the Internet, The GE’s private cloud solely allowing to 

perform requests to the S3 bucket (to retrieve measurements or forecasts) and to the “Meteo 

France” API (to retrieve weather forecasts). Only the computers connected through the local 

GE’s network, with appropriate access rights and credentials, have been allowed to connect 

to the deployment server. Figure 142 gives an overview of data exchanges betweend GE and 

ENEDIS platforms. 

 

Figure 142 - Exchange of data between GE and Enedis platforms 

 

5.2.4 Experimentation and realized tests 

After having deployed the solutions on their respective platforms and after having validated 

the good-functioning of the data exchange interface, an experimentation has been realized. 

The experimentation has been conducted over four primary substations, for which Load and 

PV forecasts have been computed every day. Calculation of a set of KPIs has also been 

performed every day. 

The experimentation has consisted into generating forecasts every day and compute the KPI 

of the previous day.  
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Figure 143 - Daily computation (Forecast, KPI) done during the experimentation 

 

 

Forecast generation with GE solution 

Regardless of the primary substation or the characteristic (Load, PV) to forecast, all the 

forecasts are generated and exported daily with a one-day ahead horizon and a 30-minutes 

resolution.  

The generation of the forecasts follows the workflow presented in section 4.5.2.1. 

Incoming load measurement data is net load measurement, that is the load “as perceived” 

by the upstream substation. The net load is also referred to as the “withdrawn load”, as 

opposed to the true load which is the sum of actual demand or consumption of the area 

supplied by the substation. 

Local PV generation helps meet part of this demand, resulting in a net load smaller than the 

true load. Pushed to extremes, net load might even be negative in case PV generation 

exceeds the local demand.  

While raw measurement data necessarily gives information about the net load, the true load 

makes a better training dataset for forecasting algorithms, since it captures the underlying 

true demand of the studied area and does not contain any distributed generation of any form 

(PV, Wind, Hydro, etc.).  

Therefore prior to any training or forecast, the solution converts net load timeseries to true 

load timeseries. The true load timeseries is then passed in the workflow to compute true 

load forecasts that are the forecasts being exported for cross-check evaluation.  
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KPI generation 

A performance assessment framework has been designed and implemented jointly by GE and 

Enedis. This framework defines for both PV and load forecasts KPI, the data preprocessing 

steps before KPI computation, and the actual computations involved for each performance 

score.    

 

The computation steps are detailed in the following ‘Description KPI’ sections, along with 

some interpretations that may be derived from them. 

 

The computation of KPIs relies on the set of datapoints that result from the preprocessing 

described in Table 53. 

 

Table 53 - Preprocessing the data before computing KPIs 

Preprocessing step PV data 

Measurements Forecasts 

Validation PV values must be positive 

and not above 1.1 times the 

value of the installed power 

Only detect missing values 

Estimation No estimation of 
missing/aberrant values 

Any missing value is set to 
zero 

Exclusion  any non-valid (negative) 

value 

 any value holding a flag 

other than “complete” in 

the raw input 

measurements (might be 

“Confidential”, “Estimated” 

or “Incomplete”) 

 all night-time values 

All night-time values 

Preprocessing step Load data 

Measurements Forecasts 

Validation Absolute Load values must 

be below the maximum 
installed capacity.  

Only detect missing values 

Estimation No estimation of 
missing/aberrant values 

Any missing value is set to 
zero 

No estimation is performed. 

Points are excluded from 
the KPI calculation 

Exclusion  any non-valid (negative) 

value 

 any value holding a flag 

other than “complete” in 

NA 
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the raw input 
measurements 

Aggregation Convert Net load to True 

load based on PV generation 

measurements, and diffuse 
PV assumptions.  

NA 

 

During the true load Aggregation step, assumptions have been made regarding the diffuse 

PV generation, which refers to rooftop PV panels disseminated in the substation’s dedicated 

area, since no individual nor aggregated direct measurements are available to quantify it. 

Thus, the aggregate value of the latter is inferred as a ratio of the known (measured) PV 

aggregate of the area. The ratio is always greater than or equal to 1, with no diffuse PV 

assumed in case of equality. During the experimentation, four values (one per primary 

substation) have been taken. 

  

Regarding the exclusion of night-time values, a shared reference table contains the sunrise 

and sunset timestamps for all days in the experimentation period, allowing for a common 

definition of the daylight period.  

The value -0.8333° of sun elevation is used to calculate the times of sunrise and sunset, as 

it is in common use in the scientific literature. Additionally, the table is based on a 

geographical point located at latitude 43.95 and longitude=7.07 

 

Finally, an additional exclusion rule applies to all KPIs related to Temporal Distortion, 

namely TDI, TDM and Ramp Score, for both PV and Load Forecasts: these KPIs are not 

calculated if more than 10 % of measurement values of the given day are rejected during 

preprocessing.  

 

5.3 KPIs and lessons learnt  

5.3.1  KPI description and analysis 

The following section describes the definitions of the different KPIs having been used during 

the experimentation, in order to assess the produced forecasts. It also details the results 

having been obtained as well as the conclusions derived from the experimentation. 

5.3.1.1 PV KPI description 

RMSE 

The normalized Root Mean Square Error relative to PV generation is computed, for each 

aggregate PV group and for each new day’s measurement and forecast data, as per the 

formula below: 

𝑛𝑅𝑀𝑆𝐸𝑃𝑉(𝑔,𝑇𝑖) =
1

√𝑁.𝑃𝑃𝑉𝑟𝑎𝑐𝑐𝑜𝑟𝑑𝑒𝑚𝑒𝑛𝑡,𝐺
√ ∑ (𝑃�̂�(𝑘)− 𝑃𝐺(𝑘))

2

𝑘∈�̃�𝑖,𝑔

 (1) 

Where 

 𝑛𝑅𝑀𝑆𝐸𝑃𝑉(𝑔,𝑇𝑖) : the normalized root mean square error over the considered period 

𝑇𝑖 (one day) for the aggregated PV group 𝑔 

 �̃�𝑖,𝑔 : the subset of time stamps selected after preprocessing steps 
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 𝑁 : number of time Stamps non excluded from the whole period 𝑇𝑖 

 𝑃𝑃𝑉𝑟𝑎𝑐𝑐𝑜𝑟𝑑𝑒𝑚𝑒𝑛𝑡,𝐺 : aggregated installed capacity of group 𝑔 

 𝑃�̂�(𝑘) : average forecasted PV generation output of group 𝑔, over the time interval 𝑘 

 𝑃𝐺(𝑘) : average aggregated measurements of PV generation output of group 𝑔, over 

the time interval 𝑘 

Root Mean Square Error (RMSE) is the standard deviation of the prediction errors. RMSE is 

normalized using the installed capacity of the group, so that the resulting score gives a 

measure of how the average root square error in prediction compares to the reference value. 

Furthermore, normalizing this value allows to compare the performances of the produced 

forecasts between installations of different nominal power.  

nMAE 

The normalized Mean Absolute Error relative to PV generation is computed, for each 

aggregate PV group and for each new day’s measurement and forecast data, as per the 

formula below: 

 

𝑛𝑀𝐴𝐸𝑃𝑉(𝑔,𝑇𝑖) =
1

𝑁.
∑ 𝑃𝐺(𝑘)𝑘∈�̃�𝑖,𝑔

𝑁

∑ |𝑃�̂�(𝑘) − 𝑃𝐺(𝑘)|

𝑘∈�̃�𝑖,𝑔

 
(2) 

 

 Where𝑛𝑀𝐴𝐸𝑃𝑉(𝑔, 𝑇𝑖) : the normalized mean absolute error over the considered period 

𝑇𝑖 (one day) for the aggregated PV group 𝑔 

 �̃�𝑖,𝑔 : the subset of time stamps selected after preprocessing steps 

 𝑁 : number of time Stamps non excluded from the whole period 𝑇𝑖 

 𝑃�̂�(𝑘) : average forecasted PV generation output of group 𝑔, over the time interval 𝑘 

 𝑃𝐺(𝑘) : average aggregated measurements of PV generation output of group 𝑔, over 

the time interval 𝑘 

nMAE indicates the average absolute forecast error for a specific day, as compared to the 

average measurement observed that same day. 

nMBE 

The normalized Mean Bias Error relative to PV generation is computed, for each aggregate 

PV group and for each new day’s measurement and forecast data, as per the formula below: 

𝑛𝑀𝐵𝐸𝑃𝑉(𝑔,𝑇𝑖) =
1

𝑁.
∑ 𝑃𝐺(𝑘)𝑘∈�̃�𝑖,𝑔

𝑁

∑ (𝑃�̂�(𝑘) − 𝑃𝐺(𝑘))

𝑘∈�̃�𝑖,𝑔

 
(3) 

Where 

 𝑛𝑀𝐵𝐸𝑃𝑉(𝑔,𝑇𝑖): the normalized mean bias error over the considered period 𝑇𝑖 (one 

day) for the aggregated PV group 𝑔 

 �̃�𝑖,𝑔: the subset of time stamps selected after preprocessing steps 

 𝑁 : number of time Stamps non excluded from the whole period 𝑇𝑖 

 𝑃�̂�(𝑘) : average forecasted PV generation output of group 𝑔, over the time interval 𝑘 

 𝑃𝐺(𝑘) : average aggregated measurements of PV generation output of group 𝑔, over 

the time interval 𝑘 
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Unlike nRMSE and nMAE, nMBE measures the average bias of the forecast, which can be 

negative. As such, it must be interpreted with caution since the positive and negative biases 

of an inaccurate forecast might balance out, resulting in a close to zero nMBE. 

Skill Score nRMSE 

The Skill Score associated to the normalized Root Mean Square Error, relatively to PV 

generation is computed, for each aggregate PV group and for each new day’s measurement 

and forecast data, following the steps below: 

1. Definition of 𝑇𝑖,�̃�, the subset of time stamps 𝑘 that are valid – i.e not excluded during 

preprocessing steps- for both the considered period 𝑇𝑖 and the period 𝑇𝑖  − {72ℎ}. In other 

words, all time stamps 𝑘 must satisfy both conditions:  

a. 𝑃𝐺(𝑘) is a valid measurement included in the daylight period 

b. 𝑃𝐺(𝑘 − {72ℎ}) is a valid measurement included in the the daylight period 

Note that 𝑇𝑖,�̃� is here more restrictive than for previous KPIs, since it also excludes any non 

valid datapoint of the timeseries 𝑃𝐺(𝑘 − {72ℎ}) 

2. Calculation of  𝑛𝑅𝑀𝑆𝐸𝑃𝑉(𝑔,𝑇𝑖,�̃�), the normalized root mean square error over the 

period 𝑇𝑖,�̃�, following equation (1) 

3. Calculation of  𝑛𝑅𝑀𝑆𝐸𝑃𝑉𝑟𝑒𝑓
(𝑔,𝑇𝑖,�̃�), the reference normalized root mean square error 

over the period 𝑇𝑖,�̃�, following the equation below: 

𝑛𝑅𝑀𝑆𝐸𝑃𝑉𝑟𝑒𝑓
(𝑔,𝑇𝑖,�̃�) =

1

√𝑁.𝑃𝑃𝑉𝑟𝑎𝑐𝑐𝑜𝑟𝑑𝑒𝑚𝑒𝑛𝑡,𝐺
√ ∑ (𝑃𝐺(𝑘 − {72ℎ}) − 𝑃𝐺(𝑘))

2

𝑘∈�̃�𝑖,𝑔

 (4) 

 

Where 

 𝑇𝑖,�̃� : the subset of time stamps selected thanks to step 1 

 𝑁 : number of time Stamps in 𝑇𝑖,�̃� 

 𝑃𝑃𝑉𝑟𝑎𝑐𝑐𝑜𝑟𝑑𝑒𝑚𝑒𝑛𝑡,𝐺 :  aggregated installed capacity of group 𝑔 

 𝑃𝐺(𝑘) : average aggregated measurements of PV generation output of group 𝑔, over 

the time interval 𝑘 

4. Calculation of the SkillScore nRMSE thanks to the formula below: 

𝑆𝑆𝑛𝑅𝑀𝑆𝐸 = 1 −
𝑛𝑅𝑀𝑆𝐸𝑃𝑉

𝑛𝑅𝑀𝑆𝐸𝑃𝑉𝑟𝑒𝑓

 (5) 

 

In its essence, the Skill Score compares the forecast performance of the applied algorithm 

to that of an alternative forecasting approach, sometimes called naïve forecasting, that 

consists in predicting PV generation of a given day simply as the actual values observed three 

days before. Here, the performance of each approach is assessed through nRMSE, and the 

Skill Score expresses the compared assessment. A negative Skill Score indicates a better 

performance of the naïve method, whereas a positive Skill Score indicates a better 

performance of the forecasting algorithm used. 

5.3.1.2 Load KPI description 

nRMSE 



D9.3 Demonstration results based on the KPI measurements  
and lessons learnt from the demonstrations 
 

 

InterFlex – GA n°731289  Page 226 

 

The normalized Root Mean Square Error relative to true load is computed, for each substation 

and for each new day’s measurement and forecast data, as per the formula below: 

𝑛𝑅𝑀𝑆𝐸𝐿(𝑠, 𝑇𝑖) =
1

√𝑁.
∑ 𝑃𝐿,𝑠(𝑘)𝑘∈�̃�𝑖,𝑠

𝑁

√ ∑ (𝑃𝐿,�̂�(𝑘)− 𝑃𝐿,𝑠(𝑘))
2

𝑘∈�̃�𝑖,𝑠

 (6) 

Where 

 𝑛𝑅𝑀𝑆𝐸𝐿(𝑠, 𝑇𝑖) : the normalized root mean square error over the considered period 𝑇𝑖 

(one day) for the substation 𝑠 

 �̃�𝑖,𝑠 : the subset of time stamps selected after preprocessing steps 

 𝑁 : number of time Stamps non excluded from the whole period 𝑇𝑖 

 𝑃𝐿,�̂�(𝑘) : the average forecasted true load for station 𝑠, over the time interval 𝑘 

𝑃𝐿,𝑠(𝑘) : the average aggregated true load measurement for station 𝑠, over the time interval 

𝑘 

nMBE 

The normalized Mean Bias Error relative to true load is computed, for each aggregate 

substation and for each new day’s measurement and forecast data, as per the formula below: 

𝑛𝑀𝐵𝐸𝐿(𝑠, 𝑇𝑖) =
1

𝑁.
∑ 𝑃𝐿,𝑠(𝑘)𝑘∈�̃�𝑖,𝑠

𝑁

∑ (𝑃𝐿,�̂�(𝑘) − 𝑃𝐿,𝑠(𝑘))

𝑘∈�̃�𝑖,𝑠

 
(7) 

Where 

 𝑛𝑀𝐵𝐸𝐿(𝑠, 𝑇𝑖) : the normalized mean bias error over the considered period 𝑇𝑖 (one day) 

for the substation 𝑠 

 �̃�𝑖,𝑠 : the subset of time stamps selected after preprocessing steps 

 𝑁 : number of time Stamps non excluded from the whole period 𝑇𝑖 

 𝑃𝐿,�̂�(𝑘) : the average forecasted true load for station 𝑠, over the time interval 𝑘 

 𝑃𝐿,𝑠(𝑘) : the average aggregated true load measurement for station 𝑠, over the time 

interval 𝑘 

 

Skill Score nRMSE 

The Skill Score associated to the normalized Root Mean Square Error, relatively forecasted 

true load, is computed, for each substation and for each new day’s measurement and 

forecast data, following the steps below: 

1. Definition of 𝑇𝑖,�̃�, the subset of time stamps 𝑘 that are valid for both net load and PV 

measurements, and for both the considered period 𝑇𝑖 and the period 𝑇𝑖  − {7 𝑑𝑎𝑦𝑠}. 

The aggregated Tue Load value must also be valid (must be positive). In other words, 

all time stamps 𝑘 must satisfy the conditions below:  

a. 𝑃𝑁𝐿,𝑠(𝑘),  𝑃𝑃𝑉,𝐺(𝑘) must be valid measurements for the interval k. These are 

respectively the Net Load measurement for station s, and PV Generation 

measurement for associated aggregate PV group g. 

b. The same must be true for the interval (k – {7 days}) 

c. 𝑃𝐿,𝑠(𝑘), 𝑃𝐿,𝑠(𝑘 − {7𝑗}) must be valid True load values, that is, they must be positive. 
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2. Calculation of  𝑛𝑅𝑀𝑆𝐸𝐿(𝑠, 𝑇𝑖,�̃�), the normalized root mean square error over the period 

𝑇𝑖,�̃� , relatively to true load forecast at substation s, following equation (6) 

3. Calculation of  𝑛𝑅𝑀𝑆𝐸𝐿𝑟𝑒𝑓
(𝑠, 𝑇𝑖,�̃�), the reference normalized root mean square error 

over the period 𝑇𝑖,�̃�,  relatively to true load forecast at substation s, following the 

equation below : 

𝑛𝑅𝑀𝑆𝐸𝐿𝑟𝑒𝑓
(𝑠, 𝑇𝑖,�̃�) =

1

√𝑁.
∑ 𝑃𝐿,𝑠(𝑘)𝑘∈�̃�𝑖 ,𝑠

𝑁

√ ∑ (𝑃𝐿,𝑠(𝑘 − {7𝑑}) − 𝑃𝐿,𝑠(𝑘))
2

𝑘∈�̃�𝑖 ,𝑠

 (8) 

Where 

 �̃�𝑖,𝑠 : the subset of time stamps selected thanks to step 1 

 𝑁 : number of time Stamps non excluded from the whole period 𝑇𝑖 

 𝑃𝐿,𝑠(𝑘) : the average aggregated true load measurement for station 𝑠, over the time 

interval 𝑘 

 

𝑆𝑆𝑛𝑅𝑀𝑆𝐸 = 1 −
𝑛𝑅𝑀𝑆𝐸𝐿

𝑛𝑅𝑀𝑆𝐸𝐿𝑟𝑒𝑓

 (9) 

 

5.3.1.3 Temporal KPI description 

TDI, TDM 

The Temporal Distortion Index (TDI) was introduced in [Frías-Paredes L., 2016]. It quantifies 

the temporal misalignment between two signals. The idea is to distort the forecasted signal 

to temporally align it as much as possible to the actual measured signal.  

TDI is an indicator that reflects the total sum of local variations that were applied to the 

forecasted signal in order to attain an optimal temporal match to the real signal.  It varies 

between 0% (both signals perfectly aligned) and 100% (maximum distortion applied).  

The Temporal Distortion Mix (TDM) was introduced in [Loïc Vallance, 2017]. One of the 

limitations of TDI is that it only translates how distorted, in an absolute sense, the forecasted 

signal is compared to the real signal, without much information about the advance or delay 

of the forecast compared to the measurements.  

The TDM relies on a similar computation as the TDI, but with a specific handling of forecasted 

values with respect to whether the latter are ahead or behind in relation to the associated 

measurements. The resulting metric varies between -100% and 100%. For a non-zero TDI, a 

-100% TDM indicates forecasts consistently behind their corresponding measurements, 

whereas a 0% TDM indicates a forecast signal which is as many times ahead as it is behind 

measurements.    

A TDM does not have much sense when TDI value is close to zero, thus it is important to 

interpret it with the TDI value in mind. 

 

The TDI & TDM, relative to either forecasted true load or forecasted PV generation, is 

computed for each PV group or substation and for each new day’s measurement and forecast 

data, following the steps below: 
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1. The Dynamic Time Warping (DTW) algorithm computes a “temporal” distance matrix 

between two signals – forecasts and measurements.  The DTW algorithm is detailed in 

Appendix I. 

2. Based on DTW matrix, an ‘optimal path’ to align both signals is obtained, by minimizing 

the total cost of possible paths. When both timeseries are perfectly aligned (no advance 

nor delay), the optimal path will follow the matrix diagonal, meaning any interval k of 

one signal corresponds best to the same interval k of the second signal. However, if the 

first signal is behind, intervals k may be matched with intervals k+1 or k+2, etc. of the 

second signal. the original signal has been distorted to better fit the second signal. 

3. Consequently, it is possible to compute both TDI and TDM indicators, based on the 

amount of distortion applied to the forecast signal, as reflected by indices of the optimal 

path. 

The method for steps 1 to 3 is provided in Appendix I. 

 

Ramp Score 

The RampScore indicator has been introduced in [Loïc Vallance, 2017]. It evaluates the 

forecasting algorithm’s ability to anticipate abrupt variations of the metric (production or 

load).  

Its computation relies on the Swinging Door algorithm which approximates all ‘monotonous’ 

– i.e with not much variation-   parts of the signal with a straight line. Thus, the first step in 

computing Rampscore is to split both forecast and measurement timeseries and transform 

them into a set of ‘monotonous’ segment lines. The Ramp Score corresponds to the 

difference area between those new signals.  

The Ramp Score, relative to either forecasted true load or PV generation, is computed for 

each PV group or substation and for each new day’s measurement and forecast data, 

following the steps described in Appendix I. 

  

5.3.1.4 KPI analysis following the experimentation 

 

The following section describes different analyses of the KPIs computed over the period of 

the experimentation during which PV and Load forecasts have been produced. This section 

presents early conclusions that could be drawn from the computation of the KPIs. 

 

Analysis #1: Load Forecasting assessment – KPIs w.r.t measurements and forecasts 

 

In this analysis, we display two KPIs giving an indication of the accuracy of the forecast 

engines: 

- The first KPI is the NRMSE metric and is related to the forecast’s error 

- The second KPI is the bias (NMBE) 

To understand the meaning of the values of these KPIs, these two curves are displayed 

together with the measurements and the computed forecasts. 
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The following figure 144 shows the KPIs obtained for one of the four substations on which 

we have made the experimentation (substation #1). 

 

Figure 144 - Load Forecast assessment through NRMSE and NMBE metrics – substation #1 

   

Superimposing several curves allows to better understand the computed KPIs for substation 

#1. 

First, the fact that for some days, KPIs are not computed can be explained by the fact that 

the measurements received by the platform were rejected, in accordance with the data pre-

check described in section 4.5.2.4: as soon as 10% of the measurements are rejected, the 

platform does not compute KPI. This rule ensures that the KPIs computed are based on data 

of relatively high quality. Over all the period of the experimentation, this only represents 5 

days for which KPIs were not computed. 

In the case of substation #1, the NRMSE metric computed over the forecasts generated by 

GE indicates peaks over some days. These same peaks are also visible on NMBE curve, 

providing an indication on the bias of the forecasts (positive in case of over-estimation, 

negative otherwise).   

Over the experimentation, three days are of interest: 

Date NMBE Algo #2 NMBE Algo #1 NRMSE Algo #2 NRMSE Algo 
#1 

2019-05-13 0.087596606 -0.271292122 0.036629853 0.134456326 

2019-06-07 -0.026310958 -0.258364201 0.022860817 0.111787177 
2019-09-11 -0.04764627 -0.295978892 0.026234714 0.15101644 

 

Over these three days, one algorithm failed to find good forecasts but not the other. We 

performed a post-analysis with the DSO but did not find that the cause may have been the 

activation of flexibilities or a reconfiguration of the electrical network. The fact that one 

algorithm failed but not the other suggests however that one took more inputs into account, 
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highlighting the fact that solely taking weather and load data into account (what is found in 

the state of the art) is no longer enough. 

 

The following figure 145, shows the same KPIs computed for another substation (substation 

#4). 

 

Figure 145 - Load Forecast assessment through NRMSE and NMBE metrics – substation #4 

Over the first month of the experimentation, we see that the NRMSE metric is around 2.5% 

while it suddenly increases up to 10% (first half of May) before going down and oscillating 

between 0 and 2.5% of error. The bias (NMBE) follows the same pattern. This behavior is only 

retrieved in some of the algorithms used by the platform. 

The interpretation that can be given by these numbers is that the predictions are relatively 

of good quality in April and after mid-May. However, during the first half of May, two things 

can be noted: 

- The prediction of some of the algorithms are not good 

- The positive bias over this period indicates that the forecasts over-estimated the 

consumption of energy compare to the reality 

In this second use case, superimposing the measurement and the forecast curves allows again 

to explain the values obtained by the NRMSE and NMBE metrics. The measurements are 

between 4.106 and up to 6. 106 till the third week of April. They suddenly drop to 2.106 till 

the end of the experimentation.  

The results obtained by the KPIs can be explained by the fact that the algorithms used to 

compute the load forecasts were based on a learning approach: learning patterns of the past 

to deduce the future. 

A sudden drop of the consumption was not “expected” w.r.t what the algorithms had learnt, 

resulting in bad predictions (this is what is shown by the fourth curve of Figure 6: despite 

the consumption has dropped, the algorithms continue to predict a high consumption). 

These bad predictions, however, only lasted for 2 weeks. This is due to the periodic re-

training of the algorithms that finally got enough historical data to adapt their learning and 

make accurate predictions. 
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In this case, we again run a post-analysis with the DSO in order to understand what the root 

cause of this sudden drop in the consumption measurements was. It turns out that this was 

due to a ski resort that stopped its activity around the third week of April, corresponding to 

the end of the French holiday period (April break). One algorithm was trained with the 

knowledge of this break while the other was not, over-estimating the consumption.  

 

Analysis #2: KPIs PV w.r.t produced Energy 

 

This second analysis tries to seek if the performance of the forecast algorithms to predict 

solar energy depends on the overall energy generated during the day. In other words, it tries 

to detect if the forecast errors are higher when small quantities of energy have been 

generated (e.g., cloudy or rainy day vs. sunny day).  

The following three figures present the daily error in function of the daily energy having 

been produced, for three stations under which there is solar generation. The different colors 

on the diagrams account for the different algorithms having been used. 

 

Figure 146 - Scatterplot of KPIs with respect to the total daily energy for: substation1 - PV 
Generation 
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Figure 147 - Scatterplot of KPIs with respect to the total daily energy for: substation 2 - PV 
Generation 

 

 

Figure 148 - Scatterplot of KPIs with respect to the total daily energy for: substation 3 - PV 
Generation 

 

On some KPIs (NRMSE, NBAE, NMBE and TDI), the diagrams show a visually decreasing trend, 

whatever the substation on which the forecasts are delivered. The points on the left of these 

graphs (corresponding to days for which a small quantity of energy was generated) are the 
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points for which the error is the highest. Conversely, on these graphs, the points on the right 

(high generation) have the smallest error values. 

Analysis #3: PV forecasts – Daily performance profile 

This third analysis focuses on the errors that are obtained at each half-hour of a day. While 

the previous analysis gave a unique daily error value, this analysis highlights that the daily 

error is not constant but vary based on the hour of the day.  This analysis is performed for 

solar forecasting due to the high variations of Irradiance (luminosity) that happen during a 

day. 

 

 

Figure 149 - daily performance profile (30 mins points) – PV – Normalized using installed power 

The curves observed on Figure 149 show the average error for 2 different algorithms, 

obtained for each 30 minutes point of a day and for three KPIs (NRMSE, NMAE, 

SkillScoreNRMSE). Note that the KPIs computed to have these curves are slightly different 

from the ones defined in section 4.5.3. In order to ensure consistency, the KPIs presented in 

these curves are all normalized using the installed power. 
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Using this normalization, Figure 149 shows that the accuracy of the forecasts is inverse 

proportional to the amount of the generated power, leading to seeing gaussian curves. The 

error represented in the curves can be interpreted as an absolute error proportional to the 

generated power. This result is not surprising as during night, sunrise and sunset the 

difference between the forecasted value and the measurement value has high chance to be 

lower than when the sun is at the zenith. 

The following figure 150 presents the same KPIs but normalized using the average historical 

measurements. The curves on this figure show 2 different algorithms delivering forecasts 

with higher errors over sunrise and sunset periods. This error can be interpreted as a relative 

error w.r.t the measured generated power. 

What’s more, the results obtained in Figure 150 indicates that the algorithms are more prone 

to produce high errors during sunrise and sunset than during the day. 

 

Figure 150 - daily performance profile (30 mins points) – PV – Normalized using average measured 
power 
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5.3.2  Lessons learnt and outlook 

5.3.2.1 Confidentiality 

A key lesson learnt through the experimentation performed on forecast computation relates 

to the legal as well as technical framework to put in place in order to ensure that the data 

being processed stays confidential.  

As based on customer data (e.g., the amount of the power generation of a photovoltaic park 

owned by a customer of Enedis), it was of utmost importance that the usage made of the 

data by any partner part of the experimentation be compliant with: 

- Global Enedis data policies (for industrial and commercial customers and producers). 

- The Global Data Protection Regulation32 (GDPR) EU directive (for residential customers). 

Setting up such a framework requires a lot of back and forth discussions to end up with a 

legal data convention agreed and signed by all involved partners. From a technical 

standpoint, it also required discussions and technical modifications of the standard solution 

to ensure working with anonymized and encrypted data. 

While all these steps have been put in place in Interflex, a way of improvement would have 

been to address them as early in the project as possible, enabling more time for 

experimenting and assessing the forecasts produced by the solutions.  

A positive impact lies in the knowledge acquired on setting up such a framework that will 

be useful for further projects. 

5.3.2.2 IT architecture 

Another lesson learnt in Interflex lies in the importance of considering all non-functional 

requirements as early as possible in the project lifetime. 

In Interflex, we found that the data confidentiality as well as the high availability of the 

solution are two key points that should have led to expressing clear requirements from the 

start of the project, taking them into account in the design phase. 

These aspects are especially important in a project such as Interflex where several partners 

are bringing together their knowledge through dedicated components/products in order to 

build a solution. 

Data confidentiality: 

As mentioned above, data protection is a legitimate and crucial concern that all parties 

should take care of, especially in projects where customers data are used. 

A proper management of customer data, calls for specific procedures such as: 

- Encryption / Decryption of the data 

- Secured-based data transmission 

- Restrictions on where the data can be hosted (e.g. restrictions on the location of the 

servers that can host the data) 

                                            

32 GDPR, REGULATION (EU) 2016/679 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL: 
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1532348683434&uri=CELEX:02016R0679-
20160504 

https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1532348683434&uri=CELEX:02016R0679-20160504
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1532348683434&uri=CELEX:02016R0679-20160504
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- Restrictions on the providers hosting the data (e.g.restrictions on the cloud provider if 

the solution is cloud-based) 

All these steps have a direct impact on the development and the deployment of the 

components: 

- What secure protocols to implement? 

- How (cloud-based / on-premise) and where (servers residing in France, EU, US, etc.) to 

deploy the components? 

Addressing this issue requires that all the rules relating to data confidentiality be 

“translated” into a set of requirements applying to design, implementation and deployment 

of the solution. 

 

Availability of the solution: 

In multilateral projects where each party’s process relies on others, availability of the whole 

solution is a key factor. 

In the context of Interflex, it is vital that the data expected by the GE Forecasting solution 

be sent duly in time by the components made by Enedis. Conversely, it is also important that 

GE sent forecasts every day to Enedis components to enable a true cross-check validation. 

Over the course of the experimentation, we often experienced a broken chain of actions 

resulting in data gaps (missing historical measurements) spanning sometimes over more than 

a month. 

While a forecasting solution may support small input gaps, and may even compute forecasts 

with incomplete data, regular and large gaps in the inputs pose several difficulties:  

 Computation of less accurate forecasts: Forecasting models being trained on faulty 

historical data (missing data leading to estimation of the data over large periods), 

entailing forecasting errors. 

 Inaccurate KPI computation: direct consequence of the above points, the computed KPI 

cannot reflect the true accuracy of the forecasts if the latter are based on wrong input 

data 

 Impossibility of computing KPI: If a complete day of measurement is missing, the KPI 

can even not be computed. 

In Interflex, it was decided to resend a batch of “previously missing” data in order to cope 

with the issue of a broken dataflow. The following figure shows illustrates the evolution of 

the availability of the measurements and why it was decided to make these post-

adjustments. 

- One curve (blue) displays a ratio between the number of days for which the historical 

measurements reached the platform on-time and the number of days since the beginning 

of the experimentation 

- Another curve displays a ratio between the number of days for which historical 

measurements were delivered (this comprises after the fact adjustments) 
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Figure 151 - historical measurements availability evolution (with and without post adjustments) 

 

These actions however, entailed a non-negligible overhead going “against the flow” of a live 

and fully automated experimentation: 

 Forecast model retrain: After having received and loaded previously missing data, the 

algorithms must be retrained. Based on the new model learnt, a new version of forecasts 

must be computed.  

 KPI re-computation: For each of the regenerated forecast, all the KPIs must be 

recomputed 

 Regular check on received data: Significant workload goes into regular scanning of the 

data content of the whole experimentation dataset, in order to check the gaps and 

notify them to Enedis. 

 

Integrating the need to have a system with high-availability would have allowed for a more 

robust and steady data provision tool and could also have allowed to better prepare the 

cases of data interruption on both sides. As an example, a suggestion could have been to 

split the interface repository into two separate spaces: 
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 A “comprehensive space” containing all the latest versions of the files shared during the 

experimentation (this is equivalent to the actual interface bucket used during the 

Interflex project). 

 A “delta space” only dedicated to either new files, or newer, more complete versions 

of files.  

The solution would then consist in the following daily workflow: 

1. Enedis pushes all new data into both spaces 

2. GE’s Forecasting Solution fetches all data in the “delta space” and hands it over to the 

proper components 

3. This “delta space” is cleaned up every day. 

This would have simplified the ‘gap-completing’ task when new data is available and 

overcomes the need to scan and analyze the previously missing or incomplete files. 

5.3.2.3 KPI 

The range of KPIs computed during the experimentation allows to give insights w.r.t. the 

computation of power forecasts. From the two use cases presented in the analysis #1, the 

following conclusions can be drawn. 

First, these use case emphasize the importance to consider the fact that the electrical 

network is not static. Rather, reconfigurations happen (e.g., due to maintenance activities, 

seasons, isolation, etc.). At minimum, this calls for algorithms that are periodically retrained 

in order to adapt their learning and produce accurate forecasts. 

Second, these use cases show the importance of considering operational and maintenance 

data in the forecast algorithms as well as specific periods of time (holidays) in addition to 

the historical measurements. By using such data, changes of regime may be better 

anticipated (predicted). This calls for a strong integration between a various range of 

products: Forecasting, Advanced Distribution Management System (ADMS), Historian but also 

Outage Management systems (OMS). 

Another conclusion that can be made relies on the importance of the normalization used 

when computing forecasts. On analysis #3, one may wrongly think that the forecasts are very 

accurate when predicting power at dawn or during nightfall if normalizing the forecast’ 

errors using the installed capacity. However, using the mean value of the measurements to 

normalize the forecast’ errors show the opposite (forecasts better at predicting generated 

power during the day). 
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 GENERAL CONCLUSION 

 

The consortium managed to successfully implement all three use cases of the French 

Demonstration. Technical challenges that were overcame, as well as the learnings in terms 

of business model, customer empowerment, need and expectation of stakeholders taken out 

of the project created value for all partners involved.  

Business models remain currently weak for local flexibility and battery storages, but wil be 

strengthen as energy transition accelerates. Such project as Nice Smart valley are crucial 

for market and regulated players as well as manufacturer to be ready for solutions 

industrialization before the regulation an the market enable it. 

 

The results show that from a technical point of view, islanding with no rotating generator of 

a small portion of the MV grid and several storage systems is possible. However a long 

islanding duration - exceeding one day – would require both generation and more batteries, 

as well as demand side management mechanisms (see deliverable D3.8 – Scalability and 

Replicability analysis for more details). A demand side management system is also required 

to optimize the system size that would be able to island at anytime. 

Although there are no major technical nor contractual barriers to implement a multiservice 
approach, the business models are not yet profitable for distribution grid connected storage 
systems in the current French mainland context.  

 
Regarding flexibility, the project shows that there are no major technical hurdles for the 
actors to implement such a local mechanism to manage distribution grid constraints: 
communication and IT tools as well as appliances performed as expected and aggregators as 
well as the DSO integrated the process successfully. The complete chain of mechanisms has 
thus been tested from DSO request to service check. However there is currently no sufficient 
driver to recruit enough flexibility, especially B2C customers, on specific locations where it 
would be useful to address local constraints. The business model relies currently mostly on 
national mechanisms. Besides, in order to catch the interest of B2C customers and SME B2B 
customers, flexibility needs to be combined with other services, such as energy efficiency. 
Eventually, mechanism and regulation must be kept simple while the market is emerging. 
Complexity that could be required regarding for example TSO/DSO coordination must be 
addressed gradually accordingly to the market growing. 
 

To conclude, business models remain currently weak for local flexibility and battery storage 

systems, but will strengthen as the energy transition accelerates. Such projects as Nice 

Smart Valley are crucial for market and regulated players as well as manufacturers to be 

ready for solution’s industrialization before the regulation and the market enable it. 
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APPENDIX A: PROTECTION SCHEME ASSESSMENT FOR UC1 

 THEORETICAL ANALYSIS 

This section presents ENEDIS’ theoretical analysis that led to the protection scheme 

definition. Next section starts with generality on the protection schemes. 

1.1 Generality on protection scheme in islanding mode 

In this section and in all this study, LV and MV have been considered separately. It is 

important to notice that this section presents a theoretical analysis and does not consider 

any threshold into protections. It gives insights on which criterion could be used to detect 

each type of fault.  

1.1.1 MV 

The type of neutral at the MV level is one of the most important factor for the MV protection 

scheme. The following two sections present a theoretical study on how two different 

protection schemes would impact the faults detection.  

1.1.1.1 Isolated neutral 

It is to be noted that isolated neutral does not comply with current French regulation. 
Indeed, the article #55 of the French rule “technical ordinance of 2001 may 17th setting 
technical rules for electrical distribution” indicates that the grounding at the MV level must 
be performed by a connection to the ground through a small impedance. ENEDIS did not 
directly reject this type of neutral as every precautions can be taken to respect the overall 
other articles of the regulations related to the safety. 

The table 5 below presents the theoretical possibilities to detect MV faults in islanding mode, 
only supplied by the inverter master of islanding (also called “GFU” for Grid Forming Unit), 
with an isolated neutral.  

Theoretically, only Ph-G and Ph-Ph-G faults cannot be detected by inverter’s saturation as 
in isolated neutral, these types of MV faults do not generate a short circuit current flow. 
The inverter has no clue to assess whether a fault has appeared. For this reason, we have 
added in the table a residual voltage measurement which allows the detection of these two 
types of faults as the voltages are impacted by the fault. 

Table 54- Theoretical ways to detect MV faults on MV grids in isolated neutral 

Network  
level 

Fault type 

Theoretical ways to detect faults in isolated neutral 

Protection relay with a 
residual voltage 
measurement 

Inverter’s saturation 

MV Ph-G   

Ph-Ph-G   

Ph-Ph   

Ph-Ph-Ph-G   

Ph-Ph-Ph   
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1.1.1.2 Impedant neutral 

The table 6 below presents the theoretical ways to detect MV faults in case of an impedant 

neutral. In this neutral mode, we have considered two possibilities to detect faults:  

- By current measurement: through a protection relay with a maximum current threshold.  

- By inverter’s saturation: when the current needed by the load is too important for the 

inverter, it naturally disconnects. 

 

Table 55 - Theoretical possibilities to detect MV faults in impedant neutral 

Network 
 level 

Fault types Theoretical ways to detect faults in impedant neutral 

Current measurement Inverter’s saturation 

MV Ph-T   

Ph-Ph-T   

Ph-Ph   

Ph-Ph-Ph-T   

Ph-Ph-Ph   

For this neutral type, in theory, every MV faults could be detected by an overcurrent 

protection and inverter’s saturation (depending on the short circuit current). 

1.1.2 LV & Downstream of customer’s meters 

In islanding, the neutral type only impacts MV faults’ detection. Indeed, ENEDIS’ grid has 

been built to not being impacted on MV by LV unbalances33.  

 

The following table introduces the different possibilities to detect LV and client’s level 

faults. 

 
Table 56 - Theoretical ways to detect faults with impedant neutral 

Network 
level 

Fault type 

Theoretical ways to detect LV and customer level’s 
faults in impedant neutral 

Inverter’s 
saturation 

LV 
fuse 

General 
individual 
customer 
breaker 

 Individual 
Ground-fault 

circuit breaker 

LV 

Ph-G     

Ph-Ph-G     

Ph-Ph     

Ph-Ph-Ph-G     

Ph-Ph-Ph     

Client’s 
level 

Ph-G     

Ph-Ph (or 
Ph-N) 

    

 

                                            

33 This situation can be explained by the windings coupling of MV/LV transformers allowing an 
unbalance on LV which does not impact MV grids. 
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1.2 Theoretical analysis and simulations’ results 

The results presented below are detailed by voltage level (MV or LV) as a function of the 

operating mode (connected to the main grid or islanding) and the neutral type. The idea was 

to compare the performances of the two neutral types to assess which one is the most 

adapted to the local situation. 

1.2.1 Tools 

Every result presented here were obtained via theoretical calculations using grid data and 

simulations on PowerFactory (MV) and EMTP (MV and LV). 

1.2.2 MV protection scheme performances in islanding mode 

For this study, the idea was to assess the capacity of the system to detect each type of fault 

in two different neutral.  

The table below presents the results of the study in islanding mode. The results introduced 

below have been obtained considering a 500 V threshold on the residual voltage criteria. 

It is to be noted that for this mode, the precise location of the fault has not been analyzed 

as it has no impact on the results. 

  

Table 57 - Resistance fault threshold as a function of the fault type and the neutral type (in 
islanding mode) 

Neutral type Criteria analyzed Fault type 

Threshold resistance after 

which there is no 
detection possible 

Isolated 
Residual voltage  
(500 V criterion) 

Ph-Ph-Ph 250 Ω 

Ph-Ph-T 10 000 Ω 

Ph-T 10 000 Ω 

Impedant 40 Ω Inverter’s saturation 

Ph-Ph-Ph 250 Ω 

Ph-Ph-T 160 Ω 

Ph-T 55 Ω 

 

We can see that for an impedant neutral of 40 Ω: 

- Every two-phase faults with a resistance up to 160 Ω per phase would be detected. 

- Every single-phase faults with a resistance up to 55 Ω would be detected. 

For an isolated neutral: every two-phase and single-phase faults with a resistance up to 

10 000 Ω would be detected. 

These results have shown that - in islanding mode - both neutral type can detect every direct 

fault. The best performances are obtained with the isolated neutral as it enables the 

detection of a larger range of MV faults. This statement is not the only advantage. The 

residual voltage protection presents the advantage to be relatively small. On Lérins’ islands, 

we only have limited spaces to put on equipment which means that the size of the systems 

is also a criterion that had to be considered. 

For these reasons, ENEDIS has decided to set up an isolated neutral with a protection 

relay based on a residual voltage measurement. 
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1.2.3 LV protection scheme performances in islanding mode 

The following table presents the results of a theoretical analysis on LV grids to assess the 

performances of the protection scheme. The results have been displayed by feeders of the 

secondary substations and show the durations required to detect the fault through a fuse34.  

The following table presents for each LV feeders: 

- The delay associated to the inverter to saturate because of a direct fault located at any spot 

onto the feeders. 

- The melting duration of the fuses considering the short circuit current. 

 

Table 58 - Delay between the fault appearance and the effective detection of the direct single-
phase fault in islanding mode 

Secondary 
substation 

LV 
feeder 

Delay before the 
inverter would stop 

islanding 
Detection by 

Guérite 1 t = 0.1 s Inverter’s saturation 

Incinération 

1-1 t = 0.1 s  Inverter’s saturation 

1-2 t < 30 s Inverter’s saturation 

1-3 t < 30 s Inverter’s saturation 

1-4 t < 60 s Inverter’s saturation 

2 t < 30 s Inverter’s saturation 

3 t < 30 s Inverter’s saturation 

4 t < 60 s Inverter’s saturation 

Prison 

1 t = 0.1 s Inverter’s saturation 

2 t = 0.1 s Inverter’s saturation 

3 t = 0.1 s Inverter’s saturation 

Grand Jardin 

1 t = 0.1 s Inverter’s saturation 

2 ~ 40 s Fuse melt 

3 t = 0.1 s Inverter’s saturation 

St Honorat 
1 t = 0.1 s Inverter’s saturation 

2 t = 0.1 s Inverter’s saturation 

 

In Nice Smart Valley, the inverter’s saturation and / or the fuses allow to detect a direct 

single-phase fault at any spot onto the LV feeders. 

As for the connected mode, we can conclude that the present protection scheme would 

detect every direct single-phase fault.  

It is to be noted that the results in islanding mode are even better as the inverter was 

undersized in comparison with the local maximum consumption. 

                                            

34 Indeed, a fuse does not melt instantly as its state is based on its temperature. In other words, both current 

and associated duration must be considered. 
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The study has shown that there is no need to add any equipment on the grid to detect the 

potential direct single-phase fault. However, ENEDIS has chosen to add a relay with an 

overcurrent protection at the connection point of the inverter to accelerate the 

detection. 

The theoretical study allowed to define a protection scheme. The next section presents some 

laboratory tests that have been performed to validate the theoretical study. 

 APPROVAL TESTS IN LAB  

As for the theoretical study, this section is divided in two parts: LV and MV faults. 

LV faults experiments 

The aim of this sequence of tests was to observe the behavior of the islanding system before 

during and after LV faults to assess whether the protections trip. Either passive functions 

(min / max U and f) into the decoupling protection, the low voltage ride through into the 

islanding system or the fuses must detect the fault according to the theory.  

Several grid configurations have been set up to perform the faults tests. The short-circuit 

have been created via a remotely controlled LV breaker.  

Equipment used for the LV fault tests 

Primary substation / 20 kV feeder 

A primary substation supplies the Concept Grid through a 20 kV feeder. 

Secondary substations 

The idea was to set up a system as close as the situation on the two islands. For this purpose, 

it has been decided to use three secondary substations: 

- The first one - called Thomery – supplied the GFU. 

- The second one – called Ecuelles – supplied the GSU. 

- The last one – called Pelletier – supplied some loads. The LV fault tests are performed 

downstream this secondary substation. 

Storage systems 

The tests have been performed using two storage systems which act as a GFU and a GSU. 

The one representing the GFU consists of a 2 x 66 kVA of SOCOMEC inverters (exactly the 

same model installed on the islands). The GFU storage system is limited to generate / 

consume 50 kW which means that at it can generate / consume 120 kVAR. The second storage 

system consists of a 1 x 66 kVA of SOCOMEC inverter. It has no active power limitation. The 

GFU and the GSU batteries contain battery modules manufactured by SAFT. 

Lines / cables 

The length of cables and lines are modifiable as there are some remotely controllable 

breaker that can be opened or closed depending on the test performed and the equivalent 

impedance needed. 
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Figure 152 - Detailed configuration of the tested grid for the LV fault tests 

LV fault types 

To validate the protection scheme set up onto the islands, the following faults have been 

tested:  

- single-phase-to-neutral,  

- single-phase-to-ground,  

- phase-to-phase,  

- phase-to-phase-to-ground,  

- three-phase. 

LV fault location 

During the faults sequence of tests, time constraints led to pick only one fault spot. To 

optimize the tests, it has been decided to realize the short-circuit tests at the most distant 

spot onto an LV feeder. This choice has been made knowing that this is the spot on which it 

is the most difficult to detect. This configuration allowed us to change the equivalent 

resistance seen by the inverter via adjustable HV lines.  

Results 

The table below presents the different tests performed.   
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Table 59 - LV fault tests performed to validate the expected behavior of the islanding system 

Trial # LV fault type 
Setpoint of the 

BESS #2 (kW) 
Voltage supply by Fault location 

2 
Single-phase  

1-N 
0 

BESS #1 connected to 

Thomery 

T41 by Pelletier 

without 3x80m 

3 
Single-phase  

1-N 
0 

BESS #1 connected to 

Thomery 

T41 by Pelletier 

without 3x80m 

4 
Single-phase  

1-N 
30 

BESS #1 connected to 

Thomery 

T41 by Pelletier with 

3x80m 

5 
Single- phase  

1-N 
0 

BESS #1 connected to 

Thomery 

T41 by Pelletier with 

2x80m 

6 
Single-phase 

1-N 
0 

BESS #1 connected to 

Thomery 

T41 by Pelletier 

without 1x80m 

7 
Single-phase 

1-N 
0 

The primary substation 

(no islanding test) 

T41 by Pelletier 

without 1x80m 

8 Three-phase 0 
BESS #1 connected to 

Thomery 

T41 by Pelletier 

without 1x80m 

 

The aim of this test sequence was to characterize GFU’s behavior in case of: 

- The short-circuit impedance limits the current enough to let the GFU operating after the 

fault disappearance (trials #4 and #5). 

- The short-circuit impedance is small enough to generate a short-circuit current exceeding 

the maximum current of the GFU and leading to the saturation (trials #2, #3, #6 and #7). 

The following results present the voltage and current for two cases of the small equivalent 

impedance. Single phase fault – Fault that is theoretically detected – Trial #2  

Figure 153 - Three-phase voltage in case of a fault at the end of a feeder - trial #2 
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Figure 154 - Voltage and current of the fault phase - trial #2 

 

As expected, we can notice that the GFU endures perturbations that leads to its saturation 

200 ms after the fault appearance.  

Single phase fault – Fault that cannot theoretically be detected – Trials #4 and #5 

The configuration of the grid for this test is the identical to the trial #2 with 3x80 m of cables 

increasing the equivalent impedance seen by the GFU. 

 

Figure 155 - Three-phase voltages during the fault with the addition of 3 x 80 m of line – trial #4 
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Figure 156 - Voltage and current of the phase in fault with the addition 3 x 80 m of line – trial #4 

The GFU keeps working after the fault clearance but more than a second after, its protection 

tripped. Further investigations did not explain this event but it looked like the voltage 

regulation has diverged (to be verified). 

Single-phase fault - Influence of another storage system – Trials #4 and #5 
 

The same trial is performed with a GSU injecting 30 kW.  

 

Figure 157 - Voltages comparison of the phase in fault – trial #4 
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Figure 158 – Comparison of the currents during the two tests – trials #4 and #5 

The currents and voltages are not identical during the faults but the steady state voltage is 

the same after the fault clearance. During this test, we have observed the disconnection of 

the GSU caused by the voltage drop. 

This trial confirmed GSU’s behavior has no significant impact on the GFU during operation 

and during a fault.  

Conclusions 

This sequence of tests allowed ENEDIS to validate the LV protection scheme. The results are 

better than expected as the GFU detected every faults it was supposed to and even detected 

fault it did not have to. The deviation observed here comes likely from the fact 

manufacturers take a small marge between the real capacity of their equipment and what 

they can really do.  

These trials associated with the theoretical study validated the LV protection scheme. 

We will then see the results of the MV fault’s trials to validate the MV protection scheme.  

MV faults experiments 

The aim of this trial was to observe the GFU’s behavior during an MV fault and protections’ 

behavior (at MV feeder level and into the storage systems).  

The faults were created via a remotely controllable MV breaker and were generated on an 

aerial line. As explained in the previous section on the theoretical analysis, the location of 

the fault has no impact in isolated neutral which means that an only one location of the test 

is necessary. The conclusions can be extended to every other MV fault location. 

Equipment used for the LV fault tests 

Primary substation / 20 kV feeder 

A primary substation supplies the Concept Grid through a 20 kV feeder. 

Secondary substations 
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The idea was to set up a system as close as the situation on the two islands. For this purpose, 

it has been decided to use three secondary substations: 

- The first one – called Thomery – supplied the GFU. 

- The second one – called Ecuelles – supplied the GSU. 

- The last one – called Pelletier – supplied some loads. The LV fault tests are performed 

downstream this secondary substation. 

Storage systems 

The tests have been performed using two storage systems which act as a GFU and a GSU. 

The one representing the GFU consists of a 2 x 66 kVA of SOCOMEC inverters (exactly the 

same model installed on the islands). The GFU storage system is limited to generate / 

consume 50 kW which means that at it can generate / consume 120 kVAR. The second storage 

system consists of a 1 x 66 kVA SOCOMEC inverter. The GFU and the GSU batteries contain 

battery modules manufactured by SAFT. 

Lines / cables 

The length of cables and lines are modifiable as there are some remotely controllable 

breaker that can be opened or closed depending on the test performed and the equivalent 

impedance needed. 

 

Figure 159 – Detailed configuration of the experimental grid for the MV faults tests 

MV fault types 

To validate the protection scheme set up onto the islands, the following faults have been 

tested:  

- single-phase-to-ground,  

- phase-to-phase,  
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Fault location 

During the faults sequence of tests, time constraints led to pick only one fault spot. To 

optimize the tests, it has been decided to realize the short-circuit tests at a spot where 

safety is at its maximum.  

Results 

The table below shows the different tests realized. Every of them were performed in the 

same configuration: 

- Appearance of an MV fault lasting 200 ms before being automatically cleared on purpose. 

- The topology of the grid is constituted by three MV/LV substations: Thomery, Ecuelle and 

H61 (cf.figure 129). 

 

 

Trial # Fault type Grid configuration 

Active power 

setpoint of the GSU 

Supply to MV 

7 MV single-phase 30 kW Thomery, H61, 

Ecuelle  

 8 MV single-phase (-30 kW) 

9 Phase-to-phase (2-3) 30 kW 

10 Phase-to-phase (2-3) (-30 kW) 

 

The three following figures below show the MV voltages, MV currents and LV voltages before, 

during and after the fault test. It is to be noted that for these trials, the protection relay 

with the residual voltage measurement has not been activated. The idea was to assess 

whether the experimental results comply with the theory. Moreover, these tests allowed 

ENEDIS to validate the threshold to be set up into the residual voltage protection relay. 
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Figure 160 – MV voltages including the zero-sequence and the phase where the fault is located 
before, during and after the fault – trial #7 

 

 

Figure 161 – MV currents before, during and after the fault – trial #7 
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Figure 162 – LV voltages before, during and after the fault – trial #7 

 

We can notice that: 

- As expected, a zero-sequence voltage appears as soon as the fault is created. 

- This zero-sequence voltage remains after the fault elimination with a frequency under 50 

Hz35.  

- The short-circuit current is almost zero (less than 20 A equivalent on LV grid) and correspond 

to the capacitive current generated by the cable. 

- The GSU disconnects during the test. 

- With no protection scheme adaptation, the GFU does not detect the fault (result explained 

by the theory as there is no residual protection activated). 

To be sure that the zero-sequence voltage threshold is well defined, we have observed the 

MV voltage in case of a no-blackout islanding experiment. The idea was to verify that the 

residual voltage protection will not trip because of other phenomenon. 

 

                                            

35 The investigations on this phenomenon did not conclude on the reason why this situation appears. 
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Figure 163 – MV zero-sequence voltage at the beginning of the islanding – trial #8 
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no-blackout. Thus, the residual voltage threshold has to exceed the value obtain during this 

test to not detect the wrong phenomenon. 
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Figure 164 – Zero-sequence voltage comparison with a +/-30 kW GSU injection – trials #7 and #8 
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will have to be defined to avoid false positive detection. The chosen threshold integrated in 
the field is at 2000 V RMS. 

- The GSU tripped during the single-phase fault trials.  
- The GSU did not influence the results of the tests.  

The single-phase trials have allowed validating the detection of single phase faults. Next 

section is about the detection of MV phase-to-phase faults. 

2.1.1.1 MV phase-to-phase faults 

Two phase-to-phase fault trials have been performed to verify whether the criterions 

proposed in the theoretical study are relevant. The three next figures show the voltages, 

currents and the LV voltages of the trial #7 and the fourth figure shows the impact of the 

GSU on the results. 

 

Figure 165 – MV Voltage and current of the fault phase before, during and after the automatic 
fault clearance – trial #9 

 

Figure 166 – MV currents before, during and after the automatic fault clearance – trial #9 
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Figure 167 – LV voltages before, during and after the automatic fault clearance – trial #9 

 

 

Figure 168 – Voltage comparison between the two tests at +/-30 kW – trials #9 and #10 

 

We can notice that:  

- For a phase-to-phase fault, in both configurations of active power setpoint of the GSU, the 
GFU trips after the fault appearance.  

- The GSU does not impact the GFU’s behavior on phase-to-phase faults. 
 

Conclusions 

We have verified that the system will be able to detect the phase-to-phase faults. We did 

not test any three-phase faults as they are easier to detect in comparison with the phase-

to-phase faults. 
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These trials allowed us to validate the protection scheme defined through the theoretical 

study. 
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APPENDIX B : USE CASE 1: STABILITY OF THE ISLANDING SYSTEM 

 THEORETICAL STUDY 

The network consists of several types of cable (aluminum/copper with different sections), 

which will be modeled in the following sections. It connects the two islands to the MV 10kV 

main grid from Cannes. 

In the ‘Prison’, ‘Incineration’ and ‘St.Honorat’ substations some converter are considered, 

and distinguished in Photovoltaic inverters (PV, also called GSU, grid supporting unit) and 

Storage inverters (GFU, grid forming unit). It is to be noted that at the moment these 

simulations were performed, PVs were expected to be installed onto the two islands. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 169 - MV and LV island distribution 

1.1 Grid Modelling 

The main elements which need to be modeled in the grid are the cables and the 

transformers. The goal was to provide a realistic model which was reasonably fast to 

compute for the simulator. 
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1.1.1 Cables Modelling 

Typically, for aerial cables, the parasitic components are not critical in terms of stability 

issues since the resonances induced by the cables themselves are at high frequencies. 

However, submarine cables can provoke lower resonances since the consistent capacitive 

parasitic behavior, which can low the resonances at frequencies critical for the voltage and 

current controls: the higher this undesired effect, the higher the possibility of stability 

issues. Hence, the grid has been accurately modeled, according to the data provided for this 

feasibility investigation, in order to face these potential issues. 

Each part of the cables in the network has been modeled with an RLC (resistive inductive 

capacitive) circuit with concentrated parameters. 

1.1.2 Transformers Modelling 

The transformers have been modeled using the standard model with leakage and 

 magnetizing impedances reported to the primary windings. 

 

 

 

 

 

 

 

 

Figure 170 - Transformer model 

1.1.3 Model Verification 

In order to verify the model implemented, a first simplified case has been considered and 

the resulting resonance frequency has been determined analytically in full form in order to 

verify the consistency of estimated data used. 

In particularly, a simplified method to check this consistency of the simulation results is to 

calculate the resonances according to the inductances and capacitances in the grid and 

considering only the dominant ones: 

 

In order to measure the derived impedance, the model has been perturbed and the result 

can be seen in the following Figure. 

 

 

Figure 171 - Transformer signal response 
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The impedance has been determined also in dq-domain, since the implemented 

perturbations are able to perform such task. 

 

Figure 172- Transformer gain response 

 

 

1.1.4 Summary of the mathematic models 

The network model, including the cables and the substation transformers, has been 

simulated and verified with analytical model of the impedance for a simple case. 

The whole grid case behaves as expected, since the resonance frequency in the impedance 

transfer function moves at a lower frequency when all the substations are connected . 

1.2 Socomec Inverter Modelling 

The converter model has been realized considering the average model, since the need of a 

computationally fast model to add into the whole grid model. 

The focus of this analysis is stability; hence the model has been realized without any logics 

or particular “second-order” features, which are not relevant in terms of stability issues, 

SOCOMEC validate this hypothesis on previous projects.  

Both the GFU (droop-controlled) and PV (current controlled) inverters present the same 

switching network (averaged), the same output filter (LCL network) and the same output 

transformer (delta/star, 280Vphph/400Vphph). 

To be noticed that the PWM delay has been considered right after the duty cycle in abc-

frame is given to the averaged switching network. 

 

 

 

 

Figure 173 - Transformer gain response 
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1.2.1 Current Mode 

1.2.1.1 Control schematic Overview 

The control scheme is depicted in the figure. It is implemented in dq-frame. 

The current references are normalized with IFS (nominal output current) as the current 

measurement on the inverter side inductance. The PID has been modeled with a transfer 

function in s-domain and the computation delay has been added.  

 

 

 

 

 

 

 

 

 

 

 

 

1.2.1.2 PLLschematic Overview 

 

The PLL is implemented as described in the picture. The input abc-voltage is firstly converted 

in 𝛼𝛽-frame and processed by a multivariable filter, which consists of a resonant filter 

centered to the grid frequency. 

Then the typical three-phase PLL in dq-frame is implemented starting from the filtered 

voltages in αβ-frame. 

 

 

 

 

 

Figure 174 - converter model 

Figure 175 converter control model 

Figure 176 - PLL model 
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1.2.1.3 Control Model Verification 

In order to properly characterize the real converter, a library has been implemented in the 

code to measure in real-time any control transfer function as done in Matlab: in this way it 

is possible to calculate the theoretical transfer functions, verify them in Matlab and 

crosschecking the implementation in the real converter. 

This method can be used for measurements on field, allowing the possibility to analyze the 

stability condition and foresee potential instability issues. The first goal of this 

characterization is to verify that the model correctly describes the real converter.  

 

 

 

 

The PID controllers are matching very well. The small mismatch at high frequency is due to 

the fact that the theoretical model considered was already converted from z-domain to s-

domain. 

The current plant has been determined in NO LOAD condition, since the connection to the 

grid introduces the unknown grid impedance. The matching is pretty good for both the dd 

and qq channel. 

The current open loop (in NO LOAD condition) matches pretty well in all the four channels. 

 

 

 

In conclusion the current control matches the model in OFF-GRID and NO LOAD conditions: 

the model correctly describes the current control of the real converter. 

1.2.1.4 Parallel PV Modules 

The real system has many modules. The goal is to provide a model computationally easy to 

run, since the whole grid simulation is a very complex system. 

This is crucial since the model actually describes only a single module; while a real inverter 

installation includes multiple modules (could be over 10 modules). The solution adopted 

consists of scaling the components and measurements, according to the number of modules. 

Figure 177 control response 
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The final result is an inverter model whose simulation time is independent from the number 

of parallel modules. It is true if the PV inverters are delivered by a unique supplier. Its 

inverters will have the same behaviour, the same P(f), Q(U) curve implementation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.2.2 Droop Mode 

1.2.2.1 Voltage Control + Virtual Impedance 

The voltage control is implemented with a PID controller in d and q axes. 

A virtual inductance (working at low frequencies from the reference currents to the voltage 

references) is depicted in this control scheme and includes a filter at very low frequencies 

(≃ 1𝐻𝑧) in order to recover the voltage drop due to the virtual inductance itself. 

As done before, the control parts have been analytically modeled and then verified through 

the perturbations implemented in the code. 

1.2.2.2 Droop Control Overview 

The droop control has been implemented in the simulation model as in the real converter. 

The voltage-controlled inverter is driven by the output of the two power loops. Finally, the 

internal power loops have been measured and compared to the simulation results, in order 

to know the crossing frequency for the ON-GRID condition. This gives the important 

information that the external loops operate with 1Hz bandwidth for the P/f loop and with a 

10Hz bandwidth for the Q/V loop. As can be noticed, the simulation model matches very 

well the real inverter frequency response during the load variation simulation (test results). 

 

Figure 178 - Converter paralleling 
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1.2.3 Parallel Droop-Controlled Modules 

As already discussed for the parallelization of the PV modules, the simulation requires a 

model computationally fast in order to have a reasonable execution time for the whole 

system. Moreover, the chance to have a model independent from the number of the parallel 

modules is desirable, as for PV inverters. 

1.3 Full Network Simulation 

Considering the complexity of the network, the information provided and the high number 

of possible combinations the simulations where run under the following assumptions: 

 

1. Loads: the following table summarizes the load configurations considered. 

Sub-
Networ
ks 

Guérit
e 

Prison  Incinérati
on 

Grand 
Jardin 

St. 
Honor
at 

Sum of 
individu
al 
loads36 

120kV
A 

243kV
A 

 556kVA 162kV
A 

210kV
A 

Base 
Load37 

19kVA 40kVA  90kVA 26kVA 34kVA 

Maximu
m Load 
step38 

120kV
A 

132kV
A 

 36kVA 120kV
A 

108kV
A 

 
2. PVs are simulated considering a 50% of their nominal peak power. Considering their 

working point is based on sun irradiation that is common to all of them a variation of 

50% of their nominal power (so from 50% to 100%) is considered as a “step variation”: 

to simulate the worst condition an instantaneous variation is used even if sun 

irradiation normally varies much slower. 

 

3. PCS, GFU and GSU, are set considering a working point condition where Cannes P and 

Q are almost set to 0. They have equal P and Q set point in p.u. (per unit). 

                                            

36 Sum of all customer subscription  

37 Equal 60% of the sum of all customer subscription of a transformer divided by all subscriptions of the island (1291) divided 
by the maximal load logged (350), used as starting point of the simulation 

38 Load step when a customer starts all its appliances. 

Figure 179 - Droop control model 
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1.3.1 Test results 

1.3.1.1 On Grid 

1.3.1.1.1 GFU and GSU PQ set point variation 

In the following test the GFU and GSU P setpoints are modified as explained before, the results on 

the power delivered by Cannes 

 
While in this test the Q references are updated. 

 
Figure 180 Setpoint variations effects 

1.3.1.1.2 Sun irradiation variation 

P seen at Cannes side and at GFU side due to instantaneous variation of PV output power from 20% to 

80% of nominal value and back to 20%: in normal condition the irradiation varies much more slowly.  

 
Q is seen at Cannes side and at GFU side due to the previous irradiation variation. 
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Figure 181 Sun irradiation variation 

 

1.3.1.1.3 Load Variation 

P seen at Cannes side and at GFU side due to the following step load variations: 

 

Sub-Networks Guérite Prison Incinération Grand 
Jardin 

St. Honorat 

Step Load 105kW 29kW 86kW 96kW 96kW 

 

 

Figure 182 Load variation 

 

1.3.1.1.4 Sub-Network Disconnection 

P seen at Cannes side and at GFU side due to the sub-network disconnection. 
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and Sub-Networks Vrms during sub-networks disconnection 

 

Figure 183 Sub-network disconnection 

1.3.1.1.5 Automatic Islanding detection 

P seen at Cannes side and at GFU side due to an unforeseen islanding with no Zero Load to the Grid  

 
and Sub-Networks V RMS during  the same condition 

 
Figure 184 Unforseen islanding 

The islanding is started when a threshold is exceeded, its reaction time is not the real one but was 

set just to verify the whole system stability the time to detect the islanding condition. This has not 

been tested on the NSV field. 
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1.3.1.2 Off Grid 

1.3.1.2.1 Load Variation 

P is seen at GFU side due to the following step load variations (where the main grid has been 

disconnected). 

Sub-Networks Guérite Prison Incinération Grand 
Jardin 

St. Honorat 

Step Load 105kW 29kW 86kW 96kW 96kW 

 

 
 

The dynamic of the RMS voltages at the substations are reported in this figure, where they appear to 

be stable enough. 

 

1.3.1.2.2 Load Variation modifying PV PLL parameters 

The same load steps have been replied in a case where a PLL parameter has been changed, in order 

to describe a potential instability case. 

As can be noticed, both the powers and the voltages have a superimposed unstable frequency. This 
is due to the fact that the PLL parameters can sensitively affect the overall system stability, and they 
need to be properly designed. 
 

 

1.3.1.2.3 PV irradiation Variation 

Active and Reactive powers seen at GFU side due to instantaneous variation of PV output power from 
20% to 80% of nominal value and back to 20%: in normal condition the irradiation varies much more 
slowly. 
Sub-networks Vrms during instantaneous variation of PV output power from 20% to 80% of nominal 

value and back to 20% (to be noticed that in normal condition the irradiation varies much slower). 

Figure 185 Load variation 

Figure 186 Load variation and PV generation 
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1.3.1.2.4 Sub-networks Disconnection 

The active and reactive powers are seen at the GFU side due to the sub-network disconnection. 

The PV installations are re-activated after 0.5s the sub-network connection (left picture) Sub-
Networks 𝑉𝑟𝑚𝑠 during sub-network disconnection (right picture). 
 

 
 

 

 

 

 

 

1.4 Conclusions 

 

The grid has been simulated starting from the data available and considering some “standard” 

hypotheses. In this condition the network seems to be stable and well «damped». 

 

However, changing the hypotheses, it is possible to experience problems, in particular: 

 

1. The first issue concerns a basic power balance, in fact the installed PV and the nominal loads 
in the network are comparable and even larger than the GFU.  

In islanding condition, this large difference results in the critical need to monitor the network 

status to avoid blackouts. In fact, if the loads connected are bigger than the sum of the 

generated GFU power and PV power (the latter is dependent on the irradiation), it would be 

necessary to be able to shed loads to avoid the grid voltage to collapse. 

2. The second issue is a potential instability: the installed PV plus the GSU (both running in current 
mode, hence requiring a PLL) are larger than GFU and when the system is connected to the 
main grid (from Cannes) the converters are decoupled. 

 

However, in off-grid condition the converters are not decoupled anymore but every well designed PLL 

on the market will not lead to instability issues.  

  

Figure 187 PV irradiation variation 

Figure 188 Sub-networks disconnection 
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 APPROVAL TEST IN LAB 

To validate the functioning of the islanding system, ENEDIS made use of the services of EDF 

R&D via a test platform called "Concept Grid". The aim was to validate the innovative 

components of the islanding system for the Lérins Islands.  

Each function which was experimented on the Lérins Islands was tested and validated 

upstream on the Concept Grid network. The exhaustive list of functionalities tested in the 

laboratory is as follows:  

 GFU storage blackstart function test 

 Stability of the grid during islanding without a power outage at start-up 

 Stability of the transition to islanding without a poawer outage at start-up 

 System stability upon activation of the f(SoC) function of the GFU and the P(f) function 

of PV inverters 

 System stability at the end of islanding without a power outage (complete sequence) 

 Test of coordination between GFU and GSU. 

The test diagram in Figure 189 is used for functional tests. Note that part of this equipment 

was able to be de-energized for each test.  

 

 

Figure 189 - Detailed configuration of the Concept Grid network for functional tests 

The following sub-sections give details of the objectives and results of the tests.  
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2.1 GFU storage blackstart function test 

The first feature to have been tested concerns the "blackstart" functionality, i.e. the 

islanding system's capability for activating islanding after a power outage when no voltage 

is present at the MV level. 

Objective 

Check islanding start-up of the grid by the GFU storage system after a blackout (with the 

loads present on the grid).  

Test procedures 

To evaluate the stability of the storage system, it must be capable of energizing the 

transformers and an MV part of the grid in accordance with the network architecture of 

Figure 189Erreur ! Source du renvoi introuvable. with loads connected. The sequence 

corresponds to simulation of a situation of grid outage, producing a blackout on the islands 

(opening of the top MV circuit breaker). The GFU battery then restores the voltage on the 

grid when loads are connected through an islanding.  

Two tests are performed with the following loads connected: 

- 35 kW resistive load connected to the grid during the blackout and its restoration (test No. 
26). 

- 35 kW resistive load connected to the grid during the blackout and its restoration coupled 
to a capacitive load of 80 kVAR ("played" by the amplifier) to reverse the grid's total reactive 
power close to 40 kVAR inductive, (test No. 27). 

 

Figure 190 - Voltage restoration after a blackout – Test No. 26 
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Figure 191 - Voltage restoration after a blackout – Test No. 27 

It can be seen that the system reacted as expected, i.e. once the blackstart sequence was 

initiated, the customers were supplied and suffered no power outage. Repetition of the test 

with different load levels confirmed the reproducibility of the results and hence validate the 

functionality. 

The stability of the blackstart sequence having been validated, we will now analyse the 

system's stability during islanding with load variations. 

 

2.2 Stability of the grid during islanding via load variations 

 

Objective 

The objective of these tests was to evaluate the stability of the GFU converter in islanding 

with the GSU storage system on a network architecture very similar to that present on the 

Lérins Islands.  

Test procedures 

The tests will focus on the extreme operating states of the two storage systems considering 

the scaling factor between the storage systems located on the Concept Grid and the storage 

systems which will be set up on the islands (1/5 in capacity). 

The operating points tested were reproduced by means of a bank of resistors for the purely 

active loads and an LV amplifier operating in current mode for the other loads. As a 

reminder, the battery operated by ENGIE will be able to operate independently of the 

battery operated by ENEDIS and therefore contributes to the power variations on the grid.  

The tests were carried out with the GFU storage unit sustaining 40 kW load variations 

representing around 80% of its nominal capacity. The load step generated thereby is larger 

than a likely load step on the Lérins Islands. If the islanding system withstands it, it will 

withstand smaller steps. 
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Figure 192 - Power step – Test No. 4 

It can be seen on Figure 192 that the quality of the voltage wave is not impacted by the 

sudden reduction in the load. A detailed analysis was performed on the wave and showed 

that the impact of the load on the wave's quality was insignificant. 

Tests by adding loads showed the same results on the voltage wave, so the system's stability 

was confirmed. 

 

2.3 Stability of the transition to islanding without a power outage at 

start-up 

Objective 

The objective of this test is to validate the procedure for transition of the GFU storage unit 

to islanding.  

Test procedures 

For this validation, part of the Lérins Islands grid is reproduced on the Concept Grid network 

(see Figure 2). The procedure should make it possible to switch from a connected grid to an 

islanded grid without a power outage for customers on the two islands. 
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Figure 193 - Test grid for start-up of islanding without a power outage for customers 

 

To validate the islanding start-up procedure, storage system 1 operating in "GFU" mode must 

be capable of opening, safely, the MV circuit breaker of the "incoming" feeder of the primary 

substation in accordance with the network architecture of Figure 1. Accordingly, the GFU 

must be in a condition to: 

- Reduce the current to zero (or a low value) via the "incoming circuit breaker" of the 

primary substation, in current source mode; 

- Send an order to open the circuit breaker; 

- Power the busbars of the Concept Grid's primary substation (at the MV level of Guérite 

substation in the electrical diagram of the islands) so as to support all the power 

consumed by the loads; 

- Maintain the power supply for all the grid loads in a stable manner, in voltage source 

mode. 

In particular, it is verified throughout the procedure that the supply voltage (and frequency) 

imposed by the battery remain within the limits laid down by ENEDIS, causing no discomfort 

for customers on the grid. 

The various tests were performed with the load levels described in the following table. 

Table 60 - Conditions established for testing islanding start-up without a power outage 

Test 
No. 

Power of  
LV amplifier 

GSU set-point 
value 

Estimated power balance 

1 0 +30 kW 30 W / 40 kVAR 
2 0 -30 kVAR 0 / 10 kVAR 
3 0 +30 kVAR 0 / 70 kVAR 
4 -40 kVAR -30 kVAR 0 / -30 kVAR 
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Figure 194 - Voltages obtained during testing of islanding start-up without a power outage 

Several conclusions can be drawn from these results: 
 

- In each case the voltage is maintained within a tolerance range between -7 V and +3 V. 
- The frequency is stable at 50 Hz throughout the procedure (frequency calculated from 

the voltage measurement provided by a Yokogawa SL1000 oscilloscope). 
 
The stability and quality of the voltage wave having been validated, we will now see what 
is the case for system stability upon activation of the P(f) function of photovoltaic inverters. 
 

2.4 System stability upon activation of the f(SoC) function of the GFU 

and the P(f) function of photovoltaic inverters 

As a reminder, a P(f) function modifying the power injected by the photovoltaic inverters 

according to the measured frequency is required in European grid codes. The idea is that 

the photovoltaic inverters should be capable of contributing to the balance of the European 

grid, by reducing the power produced when the European active power balance tends to 

overproduction.  

In Nice Smart Valley, a similar system has been designed and tested at Concept Grid in 

which the GFU storage unit can generate a voltage at a frequency depending on its state of 

charge (f(SoC)). This, combined with the P(f) functions of photovoltaic inverters, would 

enable the GFU to request a reduction in the power produced by the photovoltaic inverters 

and could maximize the duration of islanding. 
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Objective 
 
The objective of this test is to validate the stability of the network created by the GFU even 
in the unfavourable case of prolonged overproduction due to PV. In such cases, the P(f) 
function of the GFU is actuated so that the photovoltaic panels may reduce their production 
upon a frequency criterion. 
 
Test procedures 
 
The LV amplifier is used to reproduce the PV power viewed by the GFU. The second storage 
unit is initially connected with its set points at 0. The sequence took place as follows: 

- The power amplifier charges the GFU by injecting power into the network (power exceeding 
local consumption). 

- The battery reaches a SoC level which trips the P(f) function (the threshold was lowered for 
the test). 

- The network frequency, monitored by the GFU, will gradually increase while the loads and 
producers remain connected. 
The battery will be disconnected above a certain maximum threshold of SoC. 
 
The peak value of SoC for tripping is altered to 55% to facilitate testing up to 68%. These 
values make it possible to "control" activation of the P(f) function while keeping the same 
characteristics as in the case of the Lérins Islands, notably with regard to the level of the 
gradient linking the state of charge to the network frequency39.  
 
The figure below represents the network voltage and frequency during the test. The 
frequency is calculated by a real-time simulator based on the voltage measurement.  
 

 
Figure 195 - Voltage and frequency during the test sequence 

  

                                            

39 This is a way of starting the test as soon as you wish, because there is no longer the constraint of 
waiting until the GFU is at its P(f) activation threshold. 
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The voltage step which appears in the 6th minute comes from the power supplied by the 
battery following an increase in PV production. During the test, the frequency and voltage 
are in line with what was expected, and the voltage is kept between acceptable limits 
irrespective of the frequency which increases by steps as the battery is charged. 
 
Figure 166 below shows the power injected by the GFU, its state of charge and the LV voltage 
for the same test. 
 

 
Figure 196 - Power, state of charge and LV voltage during a test with SoC(f) and P(f) 

 

It can be seen that the frequency effectively changes in line with the change in the GFU's 

state of charge, which corresponds to the function programmed by SOCOMEC. The behaviour 

produced by monitoring and control generates a variation in the form of a frequency step 

after detection of the change in the SoC.  

Note that the frequency step may potentially result in detection of "unintentional" 

islanding. This is because all PV inverters must contain a method for detection of 

unintentional islanding, and some manufacturers use an algorithm of the ROCOF (for "Rate 

Of Change Of Frequency") type. Unplanned disconnection of the PV inverters during 

frequency steps has been noted, and it would seem that this is due to the unintentional 

islanding detection method (to be confirmed). 

2.5 System stability at the end of islanding without a power outage 

(complete sequence) 

For the test of end of islanding without a power outage, an MV voltage measurement unit 

was bought and set up on the Concept Grid network. This will allow synchrocoupling to be 

performed in order to prevent a power outage at the end of islanding. 

Objective 
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The objective of this test is to validate the complete islanding procedure for the GFU 

battery. For this purpose, part of the Lérins Islands grid is reproduced on the Concept Grid 

network (see Figure 2). The procedure should make it possible to switch from a connected 

grid to an islanded grid without a power outage for customers on the two islands, and then 

check the stability of island synchronization with the grid. 

Test procedures 

To validate the complete islanding procedure, the GFU must be capable of opening, safely, 

the MV circuit breaker of the source substation's "incoming" feeder as verified in the 

preceding tests, and synchronizing its voltage (phase and amplitude) with the connection 

point voltage at the continent to be able to recouple. It is the latter stage that is verified 

here. Accordingly, the GFU must be in a condition to: 

- Synchronize with the upstream grid while ensuring stability for the customers located on the 
islands, in voltage source mode. 

- Send a closing order to the source substation's circuit breaker; 
- Automatically switch to current source mode once the circuit-breaker switching operation 

has been performed. 
 
In particular, it is verified throughout the procedure that the supply voltage (and frequency) 
imposed by the battery remain within the regulatory limits. 
 
 

 

Figure 197 – Detailed configuration of the Concept Grid network for testing the complete islanding 
sequence 
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2.5.1 Test of synchrocoupling with a fixed load 

To completely validate the procedure, the following test conditions were established: 

 

Table 61 - Conditions established for testing the end of islanding without a power outage 

Test 
No. 

Power of LV amplifier Estimated power balance 

1 30 kW 30 kW / 40 kVAR 
2 -30 kW -30 kW / 40 kVAR 
3 -30 kW / -70 kVAR -30 kW / -30 kVAR 
4 30 kW / -70 kVAR 30 kW / - 30 kVAR 

 

The figure below shows the MV voltages supplied by the GFU during the synchronization 
sequence for all the tests performed. The circuit breaker's position is indicated by the 
position replication voltage, which goes from 0 to 53 V upon closing. 
 

 
Figure 198 – Circuit-breaker position and MV voltages during synchrocoupling tests (end of islanding 

without a power outage) – Tests 1 to 4 

It can be seen that there is no power outage due to closing of the MV circuit breaker, which 

de facto stops the islanding sequence.  

The system is therefore stable for a fixed load at the time of resynchronization. We will now 

see the test results with variable loads. 
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2.5.2 Synchrocoupling test with load varying with time 

For this test, the slope is fixed at a stringent criterion corresponding to the extreme case 
with a 5 kW/s variation in load and production and a factor of 0.4 for reactive power 
(corresponding to a slope of 2 kVAr/s). Throughout the test, the load power and production 
vary as shown by figure 169. 
 

 
Figure 199 – Fictitious load curve applied to the power amplifier for the variable load tests 

To facilitate analysis, the GFU's reactive power curve is shown so as to clearly distinguish 

the MV circuit-breaker closing time. This total reactive power curve measured at the GFU 

level comprises the reactive power of the amplifier and the reactive powers of the MV/LV 

transformers. 

 

Figure 200 - Reactive power behaviour of the GFU 
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Figure 201 - Voltage and frequency during the first synchronization (closing at t = 140s)  

 

 

Figure 202 - GFU power during the first synchronization (closing at t = 140s)  
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Figure 203 - Voltage and frequency during the second synchronization (closing at t = 303s)  

 

 

Figure 204 - GFU power during the second synchronization (closing at t = 303s)  

 

Even in a constraining case such as this, the supply voltage and frequency are kept within 

the following ranges:  

- Voltage ranging between ±10% of the nominal voltage. 

- Frequency maintained between ±0.1 Hz relative to the nominal frequency. 

These tests enabled the complete sequence to be validated, from the start to the end of 

islanding without a power outage. We will now see the results of the last test sequence 

which made it possible to validate the functioning of inter-storage communication and the 

stability of the overall system. 
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2.6 Coordination between GFU and GSU 

In the case of operation in service mode, in some adverse cases, the GFU must be able to 

send instructions to the GSU to prevent the GFU from reaching a state of charge which 

would limit the duration of islanding. The idea is that the GSU can serve for "flexibility" 

during islanding and thus facilitate the increase of the duration of islanding by charging or 

discharging according to the GFU's needs and within the limits set by the contract between 

the DSO and the storage operator. 

Objective 

The objective of this test is to validate SOCOMEC's monitoring and control capacity for 

coordinating the action of the two storage units in order to maximize the duration of 

islanding. To activate this functionality in both a localized and exceptional manner, a 

specific scenario is established with a view to activating "taking control" of the second 

battery by the GFU controller.  

Test procedures 

In order to facilitate performance of the tests, the tripping thresholds for this function were 

adjusted to the initial framework of the test. 

The LV amplifier is used to reproduce the power of the photovoltaic inverters or the charge 

viewed by the GFU. The second storage unit is initially connected with its power set points 

at 0. The sequence took place as follows: 

- The amplifier injects energy, charging the GFU. 
- The state of charge of the GFU reaches the tripping threshold (threshold lowered to be able 

to initiate the test without waiting for charging or discharging of the storage unit). 
- The GFU sends an instruction adapted to the GSU to restore its state of charge below the 

activation threshold. 
- Once this stage is completed, the GSU regains control over its behaviour. 

 

To completely validate the procedure, the following test conditions were established: 

 

Table 62 – Conditions established for the inter-storage communication tests 

Test No. Test scenario LV amplifier power 
1 Coordination and then recoupling in the 

event of overproduction (high SoC) 
The amplifier injects 40 kW 

2 
Coordination and then recoupling in the 

event of over-consumption (low SoC) 
The amplifier consumes 30 kW 

 

Note: For these tests, measurement of the GSU battery power is not performed “correctly” 

by the system. This is because voltage measurement is not performed on the main power 

supply circuit where the current toroids are installed, but on the auxiliary circuit which is 

on a backed-up network. In the case of islanding, the auxiliary voltage is not synchronized 

with the voltage of the island's power network, and as a consequence the power 

measurement is not correct. However, the coordination is visible by viewing the power of 

the loads and the power supplied by the GFU.  
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2.6.1 Test No. 1: Case of local overproduction 

2.6.1.1 Coordination  

The figures below illustrate the coordination of the two batteries to validate satisfactory 

operation of monitoring and control. Figure 205 below shows the power of the loads and the 

power supplied by the GFU battery and its state of charge. The two sudden power variations 

correspond to the coordinated management triggered by a state of charge that is too high.  

 

Figure 205 - Control of the GSU by the GFU 

The step is 30 kW, which corresponds to the GSU's nominal power. Coordination is maintained 

during 2 minutes (from t = 645 s to t = 767 s), and is then activated again one minute later 

(at t = 827 s). During the second coordination, tripping by emergency stop switch is 

performed (at t = 839 s) to test the GFU's ability to adapt. The coordination is effective, it 

takes place so as to "slow down" the increase in the GFU's state of charge due to PV 

overproduction played by the amplifier. 

Figure 206 can be used to check that the voltage and frequency are stable during this 

coordination. The variations are due to variations in the power supplied by the GFU. 

 

Figure 206 - Voltage and frequency during coordination 
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2.6.1.2 Synchronization phase  

The figure below shows the resynchronization phase which results in closing of the coupling 

circuit breaker at t = 648 s and hence the end of islanding. The frequency variations between 

t = 595 s and t = 648 s are foreseeable in this phase in which the GFU adjusts its voltage to 

that of the grid. 

 

Figure 207 - Synchronization phase and recoupling 

Synchronization is tripped upon transition from the 98% state of charge with a time lag of 

less than 1 s. 

 

 

Figure 208 - Activation of synchronization upon SoC criterion 
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Figure 209 - Voltage and frequency during synchronization (opening at t = 595s) 

Figure 209 above corresponds to the phase of synchronization with the grid which starts at t 

= 595 s; during this period, the voltage and frequency are adjusted while ensuring powering 

of the micro-grid. The amplifier representing PV production continues producing during 

resynchronization and switching of the circuit breaker. 

 

 

Figure 210 - Behaviour of the loads during synchronization 
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2.6.2 Test No. 2: Case of local over-consumption  

The same sequence is executed in the reverse configuration, i.e. with a low state of 

charge which corresponds to a case of local over-consumption. 

2.6.2.1 Inter-storage coordination 

The figures below illustrate the coordination of the two batteries to validate satisfactory 

operation of monitoring and control. Figure 211 below shows the power of the loads and the 

power supplied by the GFU battery and the state of charge. The two sudden power variations 

correspond to the coordinated management triggered upon a low state of charge criterion.  

 

Figure 211: Control of the GSU by the GFU 

The step is 30 kW, which corresponds to the GSU's nominal power. Coordination is maintained 

during 2 minutes (from t = 537 s to t = 658 s), and is then activated again one minute later 

(t = 718 s). Like for the preceding test, during the second coordination, tripping by 

emergency stop switch is performed to test the GFU's ability to adapt (t = 742 s).  

Figure 212 below can be used to check that the voltage and frequency are stable during this 

coordination. 
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Figure 212 - Voltage and frequency during coordination 

2.6.2.2 Synchronization phase  

The figure below shows the resynchronization phase which results in closing of the coupling 

circuit breaker at t = 328 s. The frequency variations between t = 295 s and t = 328 s are 

foreseeable in this phase in which the GFU adjusts its voltage amplitude and its phase to 

match the values of the main grid. 

 

Figure 213 - Synchronization phase and recoupling to the main grid 

Synchronization is tripped upon transition from the 42% SoC with a time lag of less than 1 s, 

as shown by Figure 214. 
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Figure 214 - Activation of synchronization upon low state of charge criterion 

 

Figure 215 - Voltage and frequency during synchronization (closing at t = 328 s) 
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Figure 216 - Behaviour of the loads during synchronization (closing at t = 328 s) 

During the entire sequence, the loads remain powered, even in a constraining case such as 

the one tested here. The supply voltage and frequency are maintained in the following 

ranges:  

- Voltage ranging between ±10% of the nominal voltage 

- Frequency maintained between ±0.1 Hz of the nominal frequency 
 

All the tests were able to validate each component of the system, through to validation of 

a complete islanding sequence. 
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APPENDIX C: PRECONISATION FOR TELCOMMUNICATION SYSTEM IN 

ISLANDING SYSTEMS 

 LESSONS LEARNT AND PRECONISATIONS 

To be able to exchange data information with ENEDIS’ and ENGIE’s storage systems and to 

control the different devices on the island SOCOMEC has implemented two categories of 

communication: 

1. Hard real time (information exchange in less than one second).  

2. Soft real time with lower communication constraints (response time higher than 1 second).  

SOCOMEC faced problems on both communication means due to the unusual long distances 

we had to cover and island topology. 

1.1 HARD REAL TIME COMMUNICATION 

The serial link between the islanding control cabinet and the islanding switch is a standard 

RS485 serial link.  

Due to the cable length (>600m, mostly underground) and the cable characteristics SOCOMEC 

faced some problems.  

1.1.1 RS485 SIGNAL 

A bit length is only 250µs wide and may be misinterpreted (the gateways do a length check 

and may not transmit a too short bit) the serial link interface may also sample the bit at a 

wrong instant.  
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Reception 

 
 

Figure 217  - RS485 Reception levels 

  

Transmission 

 
 

Figure 218 - RS485 Transmission levels 

Due to the cable length, the signal is slightly perturbed by reflexions in the cable but it does 

not influence the reception quality, all messages are well received except one error per day.  
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1.1.2 COMMON MODE 

1.1.2.1 COMMON MODE PERTURBATION 

The distance being large, the earth on the transmitter and receiver are different and we 

faced problems due to this.  

Due to the parasitic capacitances of the battery and power part of the converter, a current 

will flow creating the common mode between the devices. In some specific conditions (i.e. 

disconnection of the neutral to earth connection when the CBS is opened), we destroyed the 

RS485 gateway. We had a too huge common mode perturbation we had to limit with specific 

filters and additional external voltage surge protectors.  

Common mode voltages measured during different switch closing phases on the RS485 

signals. 

 

 
 

Figure 219 - Common voltage perturbations 
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Figure 220 Current in the earth cable of the converter shelter during DJB / CBS opening 

 

1.1.2.2 COMMON MODE FILTERING 

Due to the huge common mode voltage the RS485 driver limits are about 12V, the RS485 

gateway has been destroyed several times (its overvoltage protection was undersized for the 

energy transmitted into the cable). SOCOMEC added an external protection device with more 

powerful surge protection and additional filters. 

RS485 gateway internal schematics 

 

Figure 221 -Gateway input stage 

The SM712 is the gateway surge protection device. 
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SOCOMEC added an external protection, similar to the integrated one but sustaining bigger 

energy transients. SOCOMEC added also a common mode inductor filter. 

 

Figure 222 - Additional common mode filter 

The voltage at the gateway input is now limited to about 15V, the 10 Ohms resistors (R4, R5) 

will limit the remaining current flowing into the gateway surge protection. 

1.1.3 CABLE TECHNOLOGY 

The installed cable was a shielded LIYCY type dedicated for control signals. The tests have 

shown a large common mode appearing into the cables. Moreover, graphics have shown an 

important level of reflection. A shielded twisted pair SYT cable more dedicated to 

information transfer would probably be more relevant to limit reflection in the specific case 

of islanding in Nice Smart Valley.  

 

 
 
 

Figure 223 - Shielded cable LIYCY 

 
 
Figure 224 -Twisted pair shielded cable 
SYT 

  
The LIYCY wires are not twisted per pairs, meaning a greater sensibility to external 

perturbations due to the greater area between the wire, the other data are resumed in the 

tables below. 

LIYCY installed cable  SYT 2xpairs specified cable 
Cable characteristics   Cable characteristics 

section  mm² 0,25   section AWG 24 

Ohm/km 78   Ohm/km 101 

pF/m / core 110   pF/m / core 41,0 

pF/m / shield 240   pF/m / shield 76,1 
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1.2 SOFT REAL TIME COMMUNICATION 

1.2.1 ISLAND TOPOLOGY 

The aim was to exchange data between the converters and the measurement devices located 

on the different islands. Finally, the test has been done on the same island but the 

communication difficulties are the same and may be even increased due to the geographical 

position of the devices.  

The Sainte Marguerite Island is not flat but has a small hill reducing the communication 

capability from one border to the other. One device (Enedis Déchetterie) is located on the 

North face of this hill and the second (ENGIE Maison Forestière) on the South face. No 

telecommunication radio repeater is installed on the island. Thus, SOCOMEC had to use the 

ones installed on the continent. 

 

 

Figure 225 - Communication means position 

 

Figure 226 - Island topography 
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1.2.2 Operator choice 

In a first time SOCOMEC used a unique operator for all the devices but due to the island 

topology and distance from the emitters, SOCOMEC had to adapt this policy and to choose 

several operators according to the signal power available on the different sites. 

 

Figure 227 - Mainland antennas and island converters 

(Source Mon réseau mobile) 

Finally, some tests have shown that one operator is better on the north and an only one 

receives a signal on the south. 

1.2.3 Antenna choice 

Due to the long distance between our most critical device (ENGIE Maison Forestière) and the 

antenna on the mainland, we had to define another antenna technology because the 

standard one have not enough gain. SOCOMEC decided to use a YAGI antenna and find the 

right position in order to reach an acceptable signal quality. The YAGI technology improved 

the signal by more than 10dB allowing SOCOMEC to reach almost all required levels. 
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Figure 228 - Antenna technology results 

 

 

Figure 229 – Telecommunication signal quality indicators 

 

1.3 CONCLUSION 

The soft real time communication links are now working fine. The control of the different 

BESS can be done remotely using an EMS or the SOCOMEC cloud interface to fully manage 

the BESS behavior (charge and discharge battery cycles). The main measurements are also 

logged in a database in order to trace all the power consumptions, the related battery 

variables like SOC, etc.  

The dedicated cable communication is the most reliable once the perturbation problems 

resolved, the problem is the distance: if the distance is too high, some repeaters must be 
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added with a reliable power supply, meaning a larger investment. An optical fiber could also 

be used but according to its technology and baudrate the distance is limited : 

 - multimode 62nm / <10Mbit/s ==> distance < 2km 

 - single mode / <1Gbit/s ==> distance < 5km 

The radio/telecom communication may be the solution but it is not fully under control as 

some external devices are used for which we do not manage:   

Their usage (the bandwidth may decrease due to the arrival of tourists using their cellular 

phones). 

Their maintenance (the operator may change a repeater, may reboot its servers, etc.) during 

this time the system remains with less control.  

In order to have a safe system, we had to add specific functions in order not to damage any 

utility, for instance, the P(f) and Q(U) curves remain active and are the last way of 

information exchange between BESS if the radio communication link is broken. A P(f) 

function activated in the GSU associated with a f(SoC) function in the GFU would probably 

be the best option for communication between islanding assets during islanding. 

Telecommunication vs business model 

The location chosen in Nice Smart Valley had an impact on the cost of the islanding system.  

For instance, as ENEDIS’ storage system could not be located close to the MV islanding 

breaker, a telecommunication cable was installed on more than 600 m40. This cost could 

have been smaller if the storage system could have been installed closer limiting the length 

of this cable.  

The telecommunication between the grid forming unit (ENEDIS’ storage system) and the grid 

supporting unit (ENGIE’s storage system) was also difficult to manage. As the two islands are 

not close to the radio antennas, there were some issues to have a reliable communication 

between both storage systems. This issue could be met on other places where islanding could 

be useful for the DSO. It could be solved by using the voltage’s frequency as a vector of 

communication between the two storage systems. It would not require any antenna or 

telecommunication cable as the usual grid would be used to transmit information to other 

equipment41. This solution has the interest to be: 

- More reliable as it does not depend on external resources (antenna, etc.). 

- Cheap as every storage systems already has a frequency calculation module into their 

regulation. No hardware must be added to include this functionality in storage systems. 

Note that if this solution were generalized it should be described in grid codes for 

interoperability and replicability purposes. The system should be settable, the 

parameters should be defined through a study and in case of a system with several 

storage systems (or generators), they should probably have different slopes into the 

P(f) and Q(U). 

 

                                            

40 This cable was required by SOCOMEC to limit the delay between the order of opening/closing and 
the effective opening/closing. 

41 It is to be noted that this solution has not been implemented during Nice Smart Valley for cost and 
time purposes. 
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APPENDIX D UPPER BOUND VALUE OF FLEXIBILITY : DETAILED 

STUDY 

During Nice Smart Valley, ENEDIS has defined a mathematical method to assess the local 

upper bounds of flexibility value for the DSO.  

It has been calculated by valuing the so-called “lost load" or "unserved energy” that ENEDIS 

could not supply to its customers after very specific incidents on the MV or HV grids. In this 

study, no other ways of supplying customers have been considered, as the value is often 

higher by calculating the unserved energy than the cost of the temporary solution. 

It is important to note that: 

- The results obtained on the precise areas of Nice Smart Valley may in no case be 

generalized. 

- The approach described below is based exclusively on calculations of value upper 

bounds. This approach makes it possible to conclude quickly in the case of a low 

flexibility value, but not when the upper bound is high. In such cases, a more thorough 

analysis is needed to estimate precisely the value of local flexibility.  

- Note that less expensive temporary solutions could be implemented, but they are not 

examined here.  

- These upper bounds do not represent what ENEDIS will pay for a local flexibility 

service. Indeed, these values were calculated considering an investment to be made. 

In the Nice Smart Valley use cases, no reinforcement is planned and the values detailed 

below only give an idea of the boundary cost above which ENEDIS would never pay for 

a temporary solution. 

- Only the constraints due to currents in the equipment were valued. Voltage 

constraints were not studied.  

 

 PRINCIPLE 

The calculations of the value upper bound are based on an analysis of: the timing of the 

incident, its management by ENEDIS (and potentially RTE depending on the case) until the 

return to the normal situation. The various steps which enabled definition of the upper 

bounds are described below. 

1. Step 1: Definition of the  best N-1 configuration 

In Nice Smart Valley, only incident cases could lead to grid constraints. On cases of identified 

faults, it is therefore recommended to select the recovery configuration applied in a 

degraded situation to be simulated (also called N-1 configuration). This must take into 

account all the constraints and hence the choice of configuration must result in a minimum 

of constraints. 

2. Step 2: Choice of input data 

In addition to the grid topological data, likely consumption levels should be simulated. 

ENEDIS used the consumption data for the years 2015 and 2016 for the zone in question. The 

calculations of the value upper bound are therefore based on the same data. 

3. Step 3: Definition of unrecovered power levels in N-1 configuration  

The grid having been reconfigured and the input data identified, ENEDIS first located the 

constrained zone and then defined the unrecovered power which could pass through the grid 
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equipment (lines, cables and transformer) downstream of the considered current constraint. 

These power values will be useful to calculate the unserved energy, i.e. the energy that 

ENEDIS could not transmit to customers due to the appearance of a grid constraint.  

Note: This is the only step requiring electricity grid simulations. 

4. Step 4: Evaluation of unserved energies due to an incident 

In this study, we call "unserved energy" the energy that would have been consumed by 

customers, but which cannot be supplied by the grid because of grid constraints. It is 

estimated in MWh by means of the load curves obtained in 2015 and 2016 and the power 

thresholds established previously.  

From a representation viewpoint, this is the area between the consumption curve and the 

unrecovered power threshold, when consumption exceeds the threshold42. The figure below 

clarifies the principles of served energy and unserved energy. 

 

 

Figure 230 – Definition of distributed energy and undistributed energy 

For calculation purposes, ENEDIS considered that the incident could appear at any time of 

the year with equal probability. ENEDIS therefore calculated the potential undistributed 

energy for an "average" incident, if it had occurred in the given time interval. 

This principle, repeated over the entire two years, which is equivalent to (365+366)*24*6 = 

105,264 time intervals of 10 minutes43, made it possible to define the unserved energies for 

as many incidents appearing in each of these 105,264 time intervals. 

 

5. Step 5: Valuation of the undistributed energy (calculation of upper bounds) 

These unserved energies obtained are then valued via the ratio R [€/MWh] below.  

 

                                            

42 It should be noted that this principle is not applicable to the case of voltage constraints because 
the whole area is not always unserved energy. In such cases, the location of flexibility has a major 
impact on its usefulness for solving the constraint. 

43 2016 is a leap year and therefore has 366 days. 
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𝑅 = {
9 200 €/𝑀𝑊ℎ, 𝐸𝑁𝐷 < 30 𝑀𝑊ℎ

20 000 €/𝑀𝑊ℎ, 𝐸𝑁𝐷 ≥ 30 𝑀𝑊ℎ
 

 

These are the ratios used in planning studies at ENEDIS. It should be noted that this ratio has 

a technical reality only in the event of a future investment. The ratio is used to compare 

technical solutions with one another. If there is no grid reinforcement in the future (this is 

still the case on the NSV zones), this criterion does not represent the real costs for ENEDIS 

because there are undoubtedly less expensive temporary power restoration solutions.  

The results obtained were then averaged to obtain an annual cost, and then probabilized 

relative to the probability of obtaining the incident. Note that ENEDIS usually valorises the 

costs of a power outage for customers in planning analysis. This part has been ignored in the 

present study. 

The end result makes it possible to define an annualized upper bound of the value of an 

ideal flexibility system on the assumption of ideal flexibility, with: 

- Zero time lag for mobilization; 

- Capability for perfectly tracking the difference between the load curve and the limit 

power (i.e. a flexibility perfectly controlled by the constraint state); 

- Optimal reliability.  

Note that ENEDIS will also have to be capable of precisely defining and exploiting the form 

of flexibility useful for resolving the constraint. 

This method was applied on each zone of Nice Smart Valley. We will now see the results for 

the Carros zone. 

 

 CARROS 

2.1 Context 

As explained in detail in deliverable D9.1, the Carros case study concerns loss of the HV/MV 

transformer located in the primary substation of the same name. This loss combined with a 

heavy load in summer could generate current constraints in one of the grid cables. 
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Figure 231 - Summary of the electrical situation in the Carros zone 

Assuming any time of appearance of the incident, the process of management of an average 

incident is described in the figure below.   

 

 

Figure 232 – Principle of calculation for an incident at Carros 

As soon as the incident appears, the HV/MV transformer is isolated, resulting in a loss of 

power supply for all the customers previously powered by this transformer. After a few 

minutes44, advanced grid reconfiguration functions establish a new grid configuration 

                                            

44 For calculation purposes, we have considered an initial END of 10 minutes, because the power data 
reported by ENEDIS are at 10-minute intervals. Note that this END cannot be considered in calculating 
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capable of restoring the power supply for a large proportion of the customers. Meanwhile, 

ENEDIS takes the necessary steps to manage the repair or replacement of the HV/MV 

transformer at fault. Once the transformer is ready to have the power restored, ENEDIS 

modifies its operating diagram again and restores power for all the customers.  

 

2.2 Results at Carros 

Upper bound of the value 

The aggregate results of the Carros study show that the upper bound of the local flexibility 

value is less than 0.001 k€/year.  

This very low value can be explained by a combination of two factors. First, the probability 

of the incident together with its average duration gives an average annual incident duration 

of approximately several dozen hours per year. Next, the load above which the grid could 

be constrained occurs relatively seldom. The combination of these two events results in a 

very low annualized and probabilized upper bound of the value (expected value calculation). 

Flexible power needed 

The maximum useful flexibility needed is limited to 0.5 MW at Carros for a few minutes. 

Upper bound of the value per MW 

The upper bounds of the local flexibility value are, for the two outgoing feeders studied, 

less than k€0.001/MW/year. 

 

 GUILLAUMES 

3.1 Context 

Just like for Carros, the case of Guillaumes is explained in detail in deliverable D9.1. At 

Guillaumes, the loss of the HV/MV transformer and/or loss of the 63 kV HV line could result 

in grid constraints. The two cases were considered simultaneously in the probabilized and 

annualized calculation. 

                                            

the upper bound of the value, because it would be necessary to start islanding for the local flexibility 
to be useful for ENEDIS. 
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Figure 233 – Summary of the electrical situation in the Guillaumes zone 

Assuming any time of appearance of the incident, the process of management of an average 

incident is described in the figure below.   

 

 

Figure 234 – Principle of calculation for an incident at Guillaumes 

As soon as an incident appears on the HV line or on the HV/MV transformer, power supply 

via said transformer is no longer possible. That then results in a temporary loss of all the 

customers previously powered by this transformer. After a few minutes45, advanced grid 

                                            

45 For calculation purposes, we have considered an initial END of 10 minutes, because the power data 
reported by ENEDIS are at 10-minute intervals. Note that this END cannot be considered in calculating 



D9.3 Demonstration results based on the KPI measurements  
and lessons learnt from the demonstrations 
 

 

InterFlex – GA n°731289  Page 306 

 

reconfiguration functions establish a new grid configuration capable of restoring the power 

supply for a large proportion of the customers via two outgoing feeders from other HV/MV 

transformers. At the same time, ENEDIS takes the necessary steps to manage the repair or 

replacement of the HV/MV transformer at fault. Once the fault has been repaired, ENEDIS 

modifies its operating diagram again and restores power for all the customers. 

 

3.2 Results at Guillaumes 

Upper bound of the value 

The aggregate results of the Guillaumes study show that the upper bound of the local 

flexibility value is about k€0.007/year for the flexibility of one feeder and k€0.008/year 

for the flexibility of another feeder.  

Just like the case at Carros, these low values can be explained by a combination of two 

factors. First, the probability of the incident in question together with its average duration 

gives an average annual incident duration of approximately several dozen hours per year. 

Next, the zone's maximum load is sufficiently low and rare so that moments of potential 

constraints in case of damage are very rare. The combination of these two factors gives a 

very low annualized and probabilized upper bound of the value. 

Flexible power needed 

The upper bound should also be compared with the necessary flexibility. The useful 

flexibility is limited to 0.7 MW on the first outgoing feeder and 0.5 MW on the second one 

for a few minutes. 

Upper bound of the value per MW 

The upper bounds of the local flexibility value for the two outgoing feeders studied are equal 

to k€0.011/MW/year and k€0.016/MW/year respectively. 

 

 ISOLA 

4.1 Context 

As described in detail in deliverable D9.1, the case of Isola is rather atypical, because the 

primary substation is powered by only a single 63 kV link. The capacity for recovery by ENEDIS 

in the event of an HV incident is relatively low to the extent that the cables are very long, 

thus limiting the power that can be transmitted. For these reasons, the Isola zone has greater 

flexibility potential than the other zones studied. 

                                            

the upper bound of the value, because islanding would be needed for the local flexibility to be useful 
for ENEDIS. 
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Figure 235 – Summary of the electrical situation in the Isola zone 

Isola is different from the previous cases, because the location of the fault may have a major 

impact on the upper bound of the flexibility value. We will therefore examine separately 

the three cases of incidents between the branches:  

1. Isola 2000 – Portique;  

2. Valabre – Portique;  

3. St Etienne de Tinée - Portique. 

 

4.2 Case of an incident between Isola 2000 and Portique 

Assuming any time of appearance of the incident, the process of management of an average 

incident between the Isola 2000 primary substation and Portique is described in the figure 

below.  

 



D9.3 Demonstration results based on the KPI measurements  
and lessons learnt from the demonstrations 
 

 

InterFlex – GA n°731289  Page 308 

 

 

 

Figure 236 - Principle of calculation for an incident on the HV line between Portique and Isola 2000 

Unlike the cases of Carros and Guillaumes, we can see that two limiting powers are 

considered. These are due to the fact that two N-1 configurations follow one another to 

maximize customer recovery. From a chronological viewpoint, first, the incident causes 

opening of an RTE protective device at the exit from Valabre. This event has the effect of 

leaving customers of the St Etienne de Tinée and Isola 2000 primary substations without 

power for a few minutes. Then, ENEDIS exchanges information with RTE to define the source 

of the fault and, after 10 minutes, it restores power to part of the customers via a 

reconfiguration of the MV grids. For several hours, RTE will survey its lines in order to 

determine where the incident is located. Once the location has been established, ENEDIS is 

informed, and together, ENEDIS and RTE establish a new power restoration diagram making 

it possible to increase the initial limit power. Finally, this diagram stays in place until the 

incident has been eliminated. 

Upper bound of the value 

The aggregate results of the Isola study for the fault between Portique and Isola 2000 show 

that the upper bound of the local flexibility value is about k€136/year.  

This upper bound is very high and can be explained by the fact that the first limit power 

reached before establishment of the second N-1 diagram is relatively small. Accordingly, 

there are numerous periods during the year in which customers would be impacted by the 

incident. 

Flexible power needed 

The useful flexibility will have to be as much as around 20 MW for a period of several hours 

to be able to avoid any constraint. 

Upper bound of the value per MW 

The upper bound of the value per MW is therefore equal to about k€7/MW/year. 

Case of an incident between St Etienne de Tinée and Portique 
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This case is very similar to the case of the incident between Isola 2000 and Portique given 

that it is a mirror situation. The only difference lies in the second reconfiguration which 

makes it possible to restore power to Isola 2000 via the HV line rather than St Etienne de 

Tinée in the event of a fault between Isola 2000 and Portique.  

Upper bound of the value 

The aggregate results of the Isola study for the fault between Portique and St Etienne de 

Tinée show that the upper bound of the local flexibility value is about k€147/year.  

This upper bound is very high and can be explained by the fact that the first limit power 

reached before establishment of the second N-1 diagram is relatively small. Accordingly, 

there are numerous periods during the year in which customers would be impacted by the 

incident. 

Note that this upper bound is valid in the current situation in which a helicopter has to 

travel to inspect the lines. If this verification were automated and immediate, the upper 

bound would fall to about 0.030 k€/year for an incident between Portique and St Etienne 

de Tinée. 

Flexible power needed 

The useful flexibility will have to be as much as around 20 MW for a period of several hours 

to be able to avoid any constraint. 

Upper bound of the value per MW 

The upper bound of the value per MW is therefore equal to about k€7/MW/year. 

4.3 Case of an incident between Valabre and Portique 

The process of management of an average incident between the Valabre distribution 

substation and Portique is described in the figure below.  

 

 

Figure 237 - Principle of calculation for an incident on the HV line between Valabre and Portique 
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Unlike the other two fault locations at Isola, it can be seen that a single limiting power is 

considered. This is due to the fact that whatever the result of the RTE analysis, the first N-

1 configuration is the best. This therefore implies that the relatively low limit power of this 

diagram is maintained throughout the entire duration of the incident, until RTE resolves the 

problem. 

Upper bound of the value 

The aggregate results of the Isola study for the fault between Portique and St Etienne de 

Tinée show that the upper bound of the local flexibility value is about k€298/year.  

This upper bound is the highest and can be explained by the fact that the unique limit power 

is relatively low. Accordingly, there are numerous periods during the year in which customers 

would be impacted by the incident. 

Note that this upper bound is valid in the current situation in which a helicopter has to 

travel to inspect the lines. If this verification were automated and immediate, the upper 

bound would fall to about 0.030 k€/year for an incident between Portique and St Etienne 

de Tinée. 

Flexible power needed 

The useful flexibility will have to be as much as around 20 MW for a period of several hours 

to be able to avoid any constraint. 

Upper bound of the value per MW 

The upper bound of the value per MW is therefore equal to about 15 k€/MW/year. 
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 SUMMARY OF RESULTS 

Table 63 – Summary of results 

  Carros Isola case: 
Valabre - 
Portique 

Isola case: 
Portique – 
St Etienne 
de Tinée 

Isola case: 
Portique – 
Isola 2000 

Guillaumes  
feeder #1 

Guillaumes  
feeder #2 

Type of grid Urban Isolated rural Rural 

Incident 
considered 

on 
MV HV MV &/or HV 

Upper bound 
of flexibility 

value 

< k€0.001 
/year 

k€298 
/year 

k€147 
/year 

k€136 
/year 

k€0.007 
/year 

k€0.008 
/year 

Maximum 
volume of 
flexibility 

0.5 MW 20 MW46 0.7 MW 0.5 MW 

Upper bound 
of flexibility 
value over 
the volume 
of flexibility 

< k€0.001 
/MW/year 

k€15 
/MW/year 

k€7 
/MW/year 

k€7 
/MW/year 

k€0.011 
/MW/year 

k€0.016 
/MW/year 

 

 CONCLUSION 

The results of this study have shown that the upper bound of flexibility largely depends on 

the case considered.  

As explained in the introduction, only very low upper bounds of the flexibility value make it 

possible to conclude quickly. This is the case for the upper bounds at Carros and Guillaumes. 

In these cases, the upper bounds are so low that at present there is no use refining the value 

of a flexibility system. In the Isola zone, on the other hand, it can be seen that the upper 

bounds are very high. A detailed analysis of the value of a flexibility system therefore makes 

sense at Isola. 

After obtaining these results, ENEDIS is currently working on the methods of remuneration 

of a local flexibility system at Isola via calls for expression of interest. 

 

                                            

46 This result is different from what has been explained in D9.1. and in D9.4.The reason why there is 
such a difference is due to the fact that ENEDIS studied the dynamic of the incident (with grid 
configuration along the process), leading to a higher volume of useful flexibility than 2.5 MW as 

mentioned in Erreur ! Source du renvoi introuvable.. On Isola, the various events that lead to the 
final N-1 configuration were indeed not considered in the previous analysis. This study is further 
detailed in D9.3. 
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APPENDIX E: FLEXILBILITY SERVICE CHECK : METHODS 

ACCURACY AND ACTIVATION ALAYSIS 

 

 CONTEXT AND OBJECTIVES OF THE STUDY 

 

Electricity System Players are considering the appropriate way to check the implementation 

of consumption load shedding, i.e. to check that an activated load shedding operation has 

actually been performed, and that its "depth" is in line with what was expected. Enedis is 

very directly concerned by this subject relating to: 

 

 grid security: poorly controlled load shedding can, through very drastic variations in 

power demand on the local level, detract from the quality of voltage delivered on the 

grid, with impacts on the equipment and customers; 

 its business as manager of the public electricity distribution grid. Buying flexibility 

represents an interesting solution for handling grid congestion and for optimization of 

investment decisions. Article 199 of the Energy Transition Act, moreover, offers the 

possibility of experimenting with this type of solution.  

 

Against this backdrop, Enedis has contributed for several years now to the work of the 

"Service Check" Working Group of the Commission d’Accès au Marché (CAM: market access 

committee) to establish robust and effective load shedding service check methods. In 

particular, in 2013 Enedis proposed a method for calculation of a benchmark consumption, 

called the sample groups method, applicable to the mass market, and more recently the 

very similar SARIMAX and k-nearest neighbour methods applicable, for their part, to the 

business market (industrial and service-sector facilities). 

 

Experimentation on these methods so that they might be "certified applicable" within the 

framework of market mechanisms is planned as part of protocols for which the conditions 

are undergoing discussion with RTE. 

 

However, experimental fields outside of market mechanisms constitute an opportunity for 

Enedis to move forward and evaluate the potential of these methods without waiting.  

 

In this context, Enedis decided to contribute to the work of the Nice Smart Valley (NSV) 

demonstrator in which incentivized and managed electricity consumption load shedding is 

performed in particular on residential customers and industrial and service-sector facilities. 
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 PRESENTATION OF STUDY DATA 

Within the framework of the NSV smart grid demonstrator, more than 400 electricity 

consumption load shedding operations were performed by EDF and ENGIE on 199 residential 

sites spread over 4 communes ("B2C" sites) and 11 industrial and service-sector sites ("B2C" 

sites) over the period from 6 September 2018 to november 22th 2019. 

 

The individual load curves are collected and processed at 30’ intervals for the B2C sites and 

at 10’ intervals for the B2B sites.  

 

The residential load shedding performed by EDF is incentivized and concerns 189 customers 

invited to reduce their consumption at certain times of the day. The non-residential load 

shedding operations are generally managed for the activation days between November and 

March and concern 9 sites, including one cogeneration facility.   

 

The residential load shedding performed by Engie is managed, and concerns 10 customers 

equipped with hybrid boilers programmable for remote-controlled switching from electric to 

gas operation, and vice versa. The duration of the activated load shedding operations does 

not exceed two hours. For Engie B2B, the activations concern 2 sites. 

 

Enedis calls on EDF and Engie to respond to requests for activation of flexibilities, 

concentrated at the level of several MV/LV substations, to assess their benefits for the grid. 

These flexibility requests are expressed on the e-flex portal at the MV/LV substation level 

on D-1 for D-Day. They are generic and are not sent to each player. 

 

EDF replies to these requests only if they fit in with its activatable time slots, defined 

beforehand according to the type of site (B2C / B2B / Cogeneration) and the activation 

request season. When one of its bids is accepted, EDF activates all of its B2B and B2C sites 

(and not merely those linked to the requested MV/LV substations) in the periods [06h-08h] 

U [12h-14h] U [ 18h-20] for B2C sites, and in the activatable time slots for B2B sites. 

 

If the accepted EDF bid concerns the MV/LV substation supplying its cogeneration facility, it 

leads to the additional activation of cogeneration over a maximum period of 2 hours ranging 

between 6.00 pm and 6.00am provided that this bid is between 1 November and 31 March. 

The power of the cogeneration facility is systematically reduced by 40% between 6.00 pm 

and 6.00 am, between 1 November and 31 March. The activation of this facility therefore 

involves producing in "nominal" mode, i.e. increasing production by 66% compared with what 

was expected. 

Engie activates its residential sites in response to requests from Enedis, without any pre-

defined constraint on the activatable time slots. Engie also performs additional activations 

on the residential sector, not requested by Enedis, between 7.00 pm and 9.00 pm on odd-

numbered days not subject to activation for the requirements of the grid. 
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 PRINCIPLE OF THE SERVICE CHECK 

The Service Check on load shedding performed by an operator on the level of one or more 

sites is assessed by calculating the difference between two consumption curves: 

 

 The so-called benchmark curve, corresponding to the consumption on this level if the 
load shedding had not taken place; 

 The curve produced on the level of interest. 
 

The chart below illustrates the general principle of the service check, and the edge effects 

that could be caused, which take the form of a change in the consumption behaviour of the 

site or sites activated outside of the load shedding activation period alone. 

 

 

  

Anticipation effect: Consumption may be increased before the start of activation of a load shedding operation with a view to 

maximizing the attributed load shedding and hence the remuneration received by the load shedding operator. 

Rebound effect: At the end of the period of load shedding activation, a "rebound" can be noted if the electrical equipments 

switched off are all restarted in a synchronized manner, which could have effects on the distribution grid. 

Transfer effect: The energy "switched off" during the period of load shedding activation may be transferred. The estimate of 
the transfer should be quantified to assess the energy savings achieved.  

 

We denote respectively as tant the starting date of observation of a possible anticipation 

effect and as ttransfer the end date of observation of any transfer of consumption. The period 

of observation of edge effects is denoted Tedgeeffect (= T1 U T2). 
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 MONITORING METHODS TESTED 

4.1 The sample groups method 

4.1.1 General description 

 

The sample groups method consists in determining the quantity of electrical load shedding 

in a customer population based on two sample groups: one consisting of individuals 

representative of the population studied (population designated PLS), and the other, a mirror 

of the preceding group, consisting of customers having similar characteristics to those of the 

load shedding population but not belonging to said population and not subject to 

consumption load shedding (population designated PMIR). 

 

The sample groups method therefore consists in  

 determining the actual aggregate consumption (Creal,t) of the population PLS based on 
load curves collected from a sample group sampLS of sites representative of that 
population47; 
 

 determining the benchmark consumption (Cben,t) based on individual load curves 
collected from a mirror sample group (also called a control group) sampMIR of the 
population PLS, i.e. a sample of sites "representative" of this population, but not 
belonging to it and not subject to consumption load shedding. 

 

The sample sampLS of size nLS is formed by stratified random sampling from the list of sites 

constituting the population PLS. The sample sampMIR of size nMIR is formed by applying the 

same construction principles as for sampLS with the following differences: 

 

 The random selection is performed in a population PMIR corresponding to a pool of sites 
having similar characteristics to the load shedding sites, but which are subject to no 
load shedding; 
 

                                            

47 Calculation of the entity's aggregate consumption "by an inventory", i.e. by collecting and adding together all the individual load curves of the PLS sites, 
constitutes a special case. In this case we no longer speak of a sample groups method but a sample group method, because a si ngle sample group is used, a 
sample group to estimate the benchmark curve.  
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 The weighting of the selected mirror customers is adjusted so as to minimize the 
difference between the benchmark curve obtained by weighting of the individual 
curves of mirror customers, and that of the actual curve over a learning period 
(denoted Tlearn), eliminating the periods of load shedding activation and the defined 
periods of observation of edge effects. 

 

The power shedding curve Cls,t is then calculated by the difference 𝐶𝑙𝑠,𝑡
̂ = 𝐶𝑏𝑒𝑛𝑐ℎ,𝑡 ̂ − 𝐶𝑟𝑒𝑎𝑙,𝑡

̂   

 

4.1.2 Detailed description 

 

For operational implementation of the sample groups method, it is necessary to have various 

information: 

 

Area of sites constituting population PLS 

This corresponds to the sites, designated by their PRM ("perimeter") number, in the area of 

application of the method. This area can vary each day depending on the status of 

contractual situations. 

 

Area of sites constituting the sample group of load shedding sites sampLS 

This area, of configurable size, is formed by stratified random sampling in the population 

PLS of load shedding sites for which the load curve is recorded remotely. 

 

Area of sites constituting population PMIR 

This corresponds to the pool of mirror sites, designated by their PRM number. This area can 

vary each day depending on the status of contractual situations. 

 

Area of sites constituting the sample group sampMIR 

This area, of configurable size, is formed by stratified random sampling in the pool of mirror 

sites having a load curve. 

 

Load shedding activation times on the level of population PLS  

This information corresponds to the start and end times of each load shedding order 

activated at the level of PLS.  

 

Load curve of sample group members 

These are the individual load curves defined at 30 ‘ or 10’ intervals for the sites of 

populations PLS and PMIR.  

 

Ancillary information (or variables) 
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This is individual descriptive information on the sites constituting PLS and PMIR, coming from 

the Enedis IS. It breaks down into two types: stratification variables (qualitative variables) 

and adjusting variables (quantitative variables). This information is used to define the 

breakdown of the sites48 into strata49, and to determine the weighting of the sample group 

members which are subject to load shedding, and that of the mirror sample group 

members50. 

 

Calculation of the actual and benchmark curves for the load shedding population PLS involves 

the following steps: 

 

A. Calculation of the actual load curve via an adjusted stratified estimator51 

The actual consumption is calculated for each time interval by taking a weighted sum of the 

load curves of the sample group members representative of the entity PLS
52. The weights are 

determined in such a way that the weighted sample group may provide accurate estimates 

of ancillary magnitudes (proportion or mean of the ancillary variables) known each day 

concerning the population PLS. More precisely, a marginal adjustment is applied to estimate 

the average load curve of each stratum, and then the estimates by stratum are added 

together in proportion to their weight in numbers in the population of interest.  

 

The actual load curve at time t is calculated by applying the following formula: 

 

∀ 𝒕, 𝑪𝒅𝑪𝒓𝒆𝒂𝒍(𝒕)̂ = ∑ 𝑵𝒉(𝒕) × 𝑪𝒅𝑪̅̅ ̅̅ ̅̅
𝒓𝒆𝒂𝒍,𝑺𝒉

(𝒕) = ∑ 𝑵𝒉(𝒕) ×

𝑯

𝒉=𝟏

 ( ∑ 𝜶𝒊(𝒕) × 𝑪𝒅𝑪𝒔𝒂𝒎𝒑,𝒊(𝒕) )

𝒊∈𝑺𝒉

𝑯

𝒉=𝟏

 

 

where 

Nh(t) = number of sites of the population PLS belonging at time t to the stratum Sh 

𝐶𝑑𝐶̅̅ ̅̅ ̅̅
𝑟𝑒𝑎𝑙,𝑆ℎ

(𝑡)= average actual load curve at time t for the sites of the load shedding 

population belonging to the stratum Sh 

i = weight at time t of the sample group member i belonging to the stratum Sh 

CdCsamp,i (t) = load curve of the sample group member i at time t belonging to the stratum Sh 

 

 

                                            

48 The number of strata is determined by the user and may be equal to 1. 

49 A strata is a group, or a type of sites with the same characteristics 

50 The information used so far is: off-peak hours, the profile (used for the purpose of reconstitution of flows), the type of housing (deduced from the connecti on 
code), annual consumption and normal temperature (annualized Use Factor, calculated over one year), contract power, geographi c location ("IRIS" unit, 
Department, Regional Division, or even Region)   

51 This term is a simplification. Stratification is here performed ex-post, after having sampled the sample group members. Strictly speaking, we should therefore 
speak of an adjusted post-stratified estimator.  

52 In the specific case in which all the individual load curves of the sites constituting the load shedding population are available, these curves are added together 
to calculate the actual load curve of the population.  
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B. Calculation of the benchmark load curve 

 

Step 1: calculation by stratum 

The average benchmark curve of each stratum is determined by taking a weighted mean of 

the curves of the corresponding mirror sample group members. The weighting applied at 

time t is determined so as to minimize the difference between the benchmark curve 

obtained by weighting of the individual curves of mirror customers and the estimated 

average curve of load shedding customers of the stratum in question, over a learning period 

Tlearn, excluding the periods of load shedding activation and the periods defined for 

observation of edge effects.  

 

∀ 𝒕, 𝑪𝒅𝑪
𝒃𝒆𝒏𝒄𝒉

𝒔𝒉̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ (𝒕)
̂

= 𝑵𝒉(𝒕)× ∑  𝜷𝒋
𝑺𝒉(𝒕) × 𝑪𝒅𝑪𝒔𝒂𝒎𝒑𝒎𝒊𝒓 𝒋(𝒕)

𝒋∈𝒔𝒉

  

 

The Lasso criterion is used to penalize the use of an excessively large quantity of curves of 

mirror sample group members, and thus aim at parsimonious estimates. 

 

( 𝜷𝟏
𝑺𝒉(𝒕),… ,  𝜷𝒋

𝑺𝒉(𝒕),… ,  𝜷𝑲
𝑺𝒉(𝒕)) 

=  𝐀𝐫𝐠𝐦𝐢𝐧
𝜷𝑺𝒉  ∈ 𝑹𝑲

 { ∑ [ 𝑪𝒅𝑪̅̅ ̅̅ ̅̅
𝒓𝒆𝒂𝒍,𝑺𝒉

(𝒕) − ∑𝜷𝒋(𝒕) × 𝑪𝒅𝑪𝒔𝒂𝒎𝒑𝒎𝒊𝒓 𝒋(𝒕)

𝑲

𝒋=𝟏

]𝟐

𝒕∈( 𝑻𝟏𝑼 𝑻𝟐 ) 

+  𝝀‖𝜷‖𝟏 } 

 

 

where 

𝑪𝒅𝑪̅̅ ̅̅ ̅̅
𝒓𝒆𝒂𝒍,𝑺𝒉

(𝒕) = average actual load curve at time t for the sites of the load shedding 

population belonging to the stratum Sh 

𝑪𝒅𝑪
𝒃𝒆𝒏𝒄𝒉

𝒔𝒉̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ (𝒕) = average benchmark load curve of the stratum Sh at time t 

( 𝜷𝟏
𝑺𝒉(𝒕),… ,  𝜷𝒋

𝑺𝒉(𝒕),… ,  𝜷𝑲
𝑺𝒉(𝒕)) = vector of the weights of the mirror sample group members 

at time t for the stratum Sh 

 = penalization constant of the Lasso regression 

CdCsampmir, j (t) = load curve of the mirror sample group member j at time t  

‖𝜷‖𝟏 = standard L1 of the β coefficients (sum of absolute values of the β coefficients) 

 

The LASSO regression used to select and determine the weight of the mirror sample group 

members should therefore be able to be produced for each estimation time t. 

 

Step 2 

The benchmark curve of the population PLS is calculated by taking the sum of the benchmark 

curves by stratum 
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∀ 𝒕, 𝑪𝒅𝑪𝒃𝒆𝒏𝒄𝒉(𝒕) = ∑ 𝑪𝒅𝑪𝒃𝒆𝒏𝒄𝒉
𝒔𝒉 (𝒕)

𝑯

 𝒉=𝟏

 

 

4.1.3 Benefits of the sample groups method 

The sample groups method has numerous benefits: 

 

 The method is applied without any deterioration of performance irrespective of the duration 
of the load shedding in question; 

 The application of this method limits the compilation of individual load curves, which are 
commercially sensitive information and personal data; 

 The application of this method, which is based on the data compiled from the DSOs' existing 
metering systems, accordingly limits costs53; 

 The precision of the method is quantifiable and can be controlled (by the size of the sample); 
 The method, which is based on the observation of real behaviour during the period of load 

shedding activation, is by nature more effective for monitoring actual load shedding and its 
spin-off effects: rebound, transfer and anticipation. 
 

4.1.4 Illustration of application of the sample groups method 

An illustration of application of the method is presented below: 

Légend: 

 

 

 

 

 

Analysis: The blue benchmark curve, built using a mirror sample group, is similar to the load 

shedding customers curve (bar chart) in the absence of load shedding activation.  

                                            

53 Enedis plans to rely on its existing infrastructures for collection of load curve data (IS and meters for which the data quality is certified in metrological terms), 
and more precisely on the existing pool of "its" sample groups (used in particular for the purpose of reconstitution of flows) to form mirror sample groups. 
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4.1.5 Conditions of application for the NSV demonstrator 

 

The method is appropriate for the situation of the Nice Smart Valley demonstrator, with 

the use of a single sample group: the mirror sample group. A sample group to determine 

the actual load curve for the load shedding sites is of no interest because this population is 

small (< 200), and its load curve is known precisely by adding together the individual data. 

 

Given the small size of the estimation areas, the descriptive information on the sites (off-

peak hours, profile, annual consumption level, etc.) is not used. The benchmark curve is 

established directly on the level of interest, and not by an aggregation of benchmark curves 

per stratum of homogeneous customers. 

 

The length of the transfer period is set at 8 hours. The anticipation effect is not taken into 

account. 

 

The method is applied at 30’ intervals on the EDF B2C level (189 sites) and the Engie B2C 

level (10 sites). 

 

4.2 The SARIMAX method 

4.2.1 General description 

The SARIMAX method is a time-series modelling method based on a very conventional 

statistical model: the Box-Jenkins model, developed in 1976. 

 

This method can be applied to determine a benchmark consumption. For the application of 

this method, the load curve (Yt) of the entity studied54 must be rendered steady-state, i.e. 

the curve must be transformed in such a way that the statistical properties of the 

transformed series (mean, variance, covariance) are time-independent. 

 

This transformation consists in neutralizing any trends and seasonality effects. This 

neutralization is in practice very often performed by means of a differentiation operation. 

A differentiation to the order d involves taking, for each time, a difference between the 

value of the curve at time t and the value at time "t-d"55. The model applied to the series 

rendered steady-state 𝑌𝑡 
∗consists of at most three terms: 

 

 An "autoregressive" term of order p defined as a linear combination of the p last 
observations of the series 𝑌𝑡−𝑖 

∗𝑤𝑖𝑡ℎ 𝑖 = 1. … . 𝑝 ; 

                                            

54 A load  curve Yt
is v ery seldom st eady-stat e, not ably due to th e exist ence of recurring consumption  modes.  Th e consu mption beh aviour of a customer or  group of cu sto mers often  shows seasonality  effec ts,  for example: it recurs fro m one day  to 

the next , from one week to the n ext, and from on e year to th e n ext.  

55 For a load curve d efined at 10’ intervals showin g a linear t rend and a d aily c ycle, a difference of order 1 and a differentiation of ord er 144 wi ll thus be achieved .  
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 A "moving average" term of order q defined as a linear combination of the q last 

residues 𝜀𝑡−𝑖 = 𝑌𝑡−𝑖 
∗ − 𝑌𝑡−𝑖

̂ ∗
𝑤𝑖𝑡ℎ 𝑖 = 1. … . 𝑞 ; 

 An "exogenous" term of order r defined as a linear combination of the r last 

observations of the series rendered steady-state 𝑋𝑡−𝑖
∗  𝑤𝑖𝑡ℎ 𝑖 = 1.… . 𝑟 . 

 

 

𝑌𝑡
∗ = ∑ 𝑎𝑘𝑌𝑡−𝑘

∗

𝑝

𝑘=1

+ 𝜀𝑡 + ∑ 𝑏𝑘𝜀𝑡−𝑘

𝑞

𝑘=1

+ 𝛽 (𝑋𝑡
∗ + ∑ 𝑐𝑘𝑋𝑡−𝑘

∗

𝑟

𝑘=1

) 

 

 𝑋𝑡
∗ designates an exogenous variable (explanatory of the series  𝑌𝑡 

∗ ), rendered steady-

state. 

Any thermosensitivity of the sites constituting the studied entity is, in this context, taken 

into account for calculating the benchmark consumption, considering the temperature as an 

exogenous variable.  

 
Enedis has designed procedures for application of the SARIMAX method to calculate a 

benchmark consumption, and developed a computer program in R language implementing 

these procedures, requiring use of the "forecast" package, available free of charge. This 

program breaks down into three steps: 

Data formatting; 

Estimation of the model parameters; 

Construction of the benchmark curve via the estimated model. 

 

The estimation of the benchmark curve at time t of D-Day is based on the whole data history 

available until D-Day-1, excluding the reported load shedding activation periods and periods 

of observation of edge effects. 

 

Moreover, a special treatment is applied to legal holidays and extended weekends. These 

days are systematically excluded from the learning period making it possible to calculate 

the parameters of the SARIMAX model (coefficients (ak) , (bk),  (𝑐𝑘) ). The benchmark 

consumption for legal holidays (extended weekend days respectively) is estimated by 

replicating the estimated values for the preceding Sunday (Saturday respectively).  

 

Lastly, a neutralization of load shedding and edge effects is applied to the history. More 

specifically, in each period, starting n1 hours before the start of load shedding and ending 

n2 hours after the end of the load shedding, this involves replacing the observed curve with 

the benchmark curve built based on the history preceding that load shedding operation. 

Iteratively, each load shedding operation will thus be neutralized to make it possible to build 

a benchmark curve applicable for assessing subsequent load shedding. 

The parameters of the SARIMAX model are determined so as to optimize a common criterion 

in the statistical literature (Akaike information criterion – corrected AIC – implemented in 

R). This estimation does not require setting a large number of parameters manually: it takes 

place automatically. There is therefore no need to include "expert" knowledge.  
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The following parameters are currently applied: 

Duration of observation of anticipation: dant = n1 hours10 ; 

Duration of observation of transfer: dtransfer = n2 hours56 ; 

Order of differentiation of the curve to  be modelled:  

d = 1 day for the consumption values of working days ranging between Monday 12.00 and 

Friday 12.00,  else d = 7 days; 

ck = 0 for every k ≥ 1 : only the temperature at time t is taken into account to determine 

the benchmark consumption for this time; 

Temperature57 

 

The minimum data history needed to apply the method is two weeks. An extended history 

of up to one year is exploited in practice, depending on the availability of data, and makes 

it possible to better capture the time structure (seasonality) of the entity studied. 

 

The SARIMAX method can be applied on the site level or on the Entity level. Application on 

the Entity level is preferable with a view to optimization of the precision of estimation of 

the benchmark consumption on the service check level of interest.  

 

The SARIMAX method is intended for sites of contract power exceeding 36 kVA. It is applied 

irrespective of the thermosensitivity of the area studied, bearing in mind that the extra 

value will in theory be higher for heat-sensitive areas of application.  

 

4.2.2 Conditions of application for the NSV demonstrator 

The method is applied to each B2B site, with a duration of anticipation equal to 1h and a 

duration of transfer set at 6h. 

 

4.3 The k-nearest neighbour method 

4.3.1 General description 

The so-called k-nearest neighbour method is proposed. With this method, the consumption 

or injection benchmark for H-Hour on D-Day is determined as the mean of the observed 

consumption or injection of this hour for the k preceding days, nearest to D. 

 

                                            

56 This duration is configurable. 

57 The temperature is "local", o r failing that nat ional (temperature used for flow recon stitution calculations)  
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The k-nearest neighbours correspond more precisely to the days for which consumption is 

nearest to that of D-Day in "idle" moments of the day, in the vicinity of the estimation period. 

The vicinity thus excludes the periods of activation of load shedding and observation of edge 

effects. 

 

 The vicinity is by default a period ranging from 0:00 to Hstart-1h, where Hstart is the 

starting time for flexibility activation, and from Hend+6h to 23:59 where Hend is the 

activation ending time. 

 

4.3.2 Conditions of application for the NSV demonstrator 

The method is applied at 10’ intervals for each B2B site. The k parameter is set at 5 days. 

The search history for the k-nearest neighbours is limited to 20 days. The durations of the 

anticipation and transfer periods are set at 1h and 6h respectively. 

 

 CRITERIA FOR ASSESSMENT OF THE METHODS AND LOAD 

SHEDDING VALUATION INDICATORS 

5.1 Criteria for assessing the performance of the various methods 

The performance of a method is assessed by comparing the benchmark consumption 

estimated (by the method) with real consumption over periods excluding the reported load 

shedding periods and periods of observation of edge effects. 

 

The assessment level is the site level for industrial and service-sector sites, and the level 

aggregated by load shedding operator for residential sites. 

 

The "real vs estimated" comparison is made by examining the distributions of the following 

indicators of the MAPE and MPE type: 

 

 

Precision measurement indicator     Bias measurement indicator 

RELATIVE_ABSOLUTE_ERROR(t) = Estimated(t) – Real(t) / Real(t)   RELATIVE_ERROR(t) = Estimated(t) – Real(t) / Real(t) 

 

The assessment criteria are calculated from October 2018 to October 2019. 

 

𝐸𝑅𝑅𝐸𝑈𝑅_𝐴𝐵𝑆𝑂𝐿𝑈𝐸_𝑅𝐸𝐿𝐴𝑇𝐼𝑉𝐸(𝑡)  =
 𝐸𝑠𝑡𝑖𝑚é(𝑡) − 𝑅é𝑒𝑙(𝑡) 

𝑅é𝑒𝑙(𝑡)
 𝐸𝑅𝑅𝐸𝑈𝑅_𝑅𝐸𝐿𝐴𝑇𝐼𝑉𝐸(𝑡)  =

(𝐸𝑠𝑡𝑖𝑚é(𝑡)− 𝑅é𝑒𝑙(𝑡))

𝑅é𝑒𝑙(𝑡)
 

Indicateur de mesure de la précision
Indicateur de mesure du biais
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5.2 Load shedding valuation indicators 

The average power shedding values are calculated methodically for each activation, and on 

the levels indicated in the preceding section. 

 

 Results  

6.1 EDF B2C area 

6.1.1 Illustration of application of the sample groups method 

The charts below make it possible to compare the average actual and benchmark load curves 

outside of load shedding days on the one hand, and for load shedding days on the other hand. 

The benchmark curves are represented by a solid blue line, and the actual curves by bars, 

fuchsia during load shedding and otherwise grey. 

Légend: 

 

 

 

 

 

An examination of the curves shows that the application of the sample groups method can 

suitably capture the structural behaviour of consumption: the average actual and benchmark 

curves are fairly similar. Observation of the curves also shows that the load shedding is on 

average not very visible: the benchmark curve is very similar to the actual curve during the 

load shedding hours. 

 

 

 

 

 

 

Average daily load curves at 30’ intervals (in W) 

Days without load shedding – January 2019 

Actual / Estimated by sample group 

Average daily load curves at 30’ intervals (in W) 

EDF B2C area – Days of 3, 16, 22, 25 January 2019 

Load shedding from 6.00 am to 8.00 am, 12.00 to 2.00 pm, and 6.00 pm 

to 8.00 pm 

Actual / Estimated by sample group 
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The following charts show that load shedding can, however, be marked on certain winter 

days. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Average daily load curves at 30’ intervals (in W) 

Days of 26 February 2019 

Load shedding from 6.00 am to 8.00 am, 12.00 to 2.00 pm, and 
6.00 pm to 8.00 pm 

Actual / Estimated by sample group 

 

Average daily load curves at 30’ intervals (in W) 

Days of 13 March 2019 

Load shedding from 6.00 am to 8.00 am, 12.00 to 2.00 pm, and 6.00 
pm to 8.00 pm 

Actual / Estimated by sample group 
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The following charts show that the load shedding operations are not much more marked in 

summer. This result is illustrated on particular days of the last summer season. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Average load curves at 30’ intervals (in W) 

Load shedding day of 23 July 2019 

Load shedding from 8.00 am to 10.00 am, 2.00 pm to 4.00 pm and 8.00 pm 

to 10.00 pm 

Actual / Estimated by sample group 

Average load curves at 30’ intervals (in W) 

Load shedding day of 8 august 2019 

Load shedding from 8.00 am to 10.00 am, 2.00 pm to 4.00 pm and 

8.00 pm to 10.00 pm 

Actual / Estimated by sample group 



D9.3 Demonstration results based on the KPI measurements  
and lessons learnt from the demonstrations 
 

 

InterFlex – GA n°731289  Page 327 

 

6.1.2 Power shedding 

The average power shedding values of activations between September 2018 and October 2019 are 

given below. 

Légend: 

 

 

 

 

 

 

 

 

 

 

 

Average power shedding per activation (in W) 

EDF B2C area  

September 2018 to April 2019 

Average power shedding per activation 

(as % of benchmark power) 

EDF B2C area 

September 2018 to April 2019 

 

Average power shedding per activation (in W) 

EDF B2C area  

From June to October 2019 

Average power shedding per activation 

(as % of benchmark power) 

EDF B2C area 

From June to October 2019 
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These power values are generally low, less than 50 W on average. Moreover, they generally 

cannot be considered significant, because they are included within the margin of uncertainty 

of calculation of the benchmark curve. 

 

6.2 Engie B2C area 

6.2.1 Illustration of application of the sample groups method 

The following charts compare the actual and benchmark curves for the Engie B2C area (area 

consisting of about ten sites) for days without load shedding (cf. curves at the top left) and 

with load shedding (cf. other curves on the right). 

Légend: 

 

 

 

 

 

 

 

 

 

 

 

Observation of the charts shows that the consumption structure is fairly well captured by 

the sample groups method. The load shedding operations, on the other hand, are not very 

visible. 

Average load curves at 30’ intervals (in W) 

Day without load shedding from June to October 2019 – Engie B2C 
sites Actual / Estimated by sample group 

Average load curves at 30’ intervals (in W) 

Load shedding from 6.00 pm to 8.00 pm on 15 October 2019 

Actual / Estimated by sample group 

Average load curves at 30’ intervals (in W) 

Load shedding from 3.30 pm to 5.00 pm on 25 September 2019 

Actual / Estimated by sample group 

Average load curves at 30’ intervals (in W) 

Load shedding from 3.00 pm to 5.00 pm on 13 July 2019 

Actual / Estimated by sample group 
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6.2.2 Power shedding 

The average power shedding values of activations between September 2018 and October 2019 are 

given below. 

Légend: 

 

 

 

 

 

 

 

 

 

 

Average power shedding per activation (in W) 

EDF B2C area  

March and April 2019 

Average power shedding per activation 

(as % of benchmark power) 

EDF B2C area 

March and April 2019 

 

Average power shedding per activation (in W) 

EDF B2C area  

From June to October 2019 

Average power shedding per activation 

(as % of benchmark power) 

EDF B2C area 

From June to October 2019 
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The estimated power shedding values are highly variable and not significant with regard to 

the precision of the method. 

 

6.3 Precision of calculation of the benchmark curve 

The average precision of estimation of the benchmark curve for the EDF B2C sites is 

approximately 7% to 8%, with a slight bias of around 2%. This result is highly satisfactory 

given the size of the area, approximately 180 sites. Moreover, the performances are less 

satisfactory at the start of the period due to the smaller number of sites in the area (< 50).  

The precision of estimation is less satisfactory, ranging between roughly 10% and 20% on the 

very small Engie B2C area (about 10 sites). 
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Average half-hourly precision of the benchmark curve (MAPE) 
obtained with the sample groups method from September 2018 

to April 2019 

Average half-hourly bias of the benchmark curve (MPE) 

obtained with the sample groups method from September 

2018 to April 2019 

Average half-hourly precision of the benchmark curve (MAPE) 
obtained with the sample groups method from June to October 

2019 

Average half-hourly bias of the benchmark curve (MPE) obtained 

with the sample groups method from June to October 2019 
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6.4 EDF B2B area 

6.4.1 Illustration of application of the SARIMAX and k-nearest neighbour methods 

The following charts show that the consumption structure of EDF's B2B sites is well captured 

by the SARIMAX and k-nearest neighbour methods. 

Légend: 

 

 

 

 

 

 

The chart below shows a close-up view of the cogeneration site. The activation of this site, 

which corresponds to a return to nominal production, is clearly visible on the day of 7 March 

2019 from 6.00 pm to 8.00 pm. 

 

 

 

 

 

 

 

 

  

Average daily load curve at 10-min. time intervals for a site (in W) 

Days from June to August 2019 without load shedding 

Actual / Estimated by kNN / Estimated by SARIMAX 

 

Average daily load curve at 10-min. time intervals for a site (in W) 

Days from September to October 2019 without load shedding 

Actual / Estimated by kNN / Estimated by SARIMAX 

 

Confidential (non anonymized data) 
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Légend: 

 

 

 

 

 

 

 

 

6.4.2 Precision of estimation of the benchmark curve 

The APE activity codes of the sites are provided below to give keys for analysis of the results. 

EDF 3320C – Overall design and assembly on the industrial site of industrial process control equipment 

EDF 1071A – Industrial production of fresh bread and pastries 

EDF 2711Z – Production of motors, generators and electrical transformers 

EDF 2651B – Production of scientific and technical instruments 

EDF 2042Z – Production of perfumes and toilet products 

EDF 2042Z – Production of perfumes and toilet products 

EDF 3600Z – Water catchment, treatment and distribution 

EDF 3600Z – Water catchment, treatment and distribution 

EDF 1811Z – Newspaper printing 

 

The following charts provide MAPE and MPE indicators making it possible to assess for each 

site the precision of estimation of the benchmark curve calculated by applying the SARIMAX 

and k-nearest neighbour methods. 

 

 

Average daily load curve of the cogeneration site (in W) 

Days Days without load shedding 

Actual / Estimated by kNN / Estimated by NEBEF rectangle / Estimated by 
SARIMAX 

Average daily load curve of the cogeneration site (in W) 

Load shedding on 7/03 from 6.00 pm to 8.00 pm  

Actual / Estimated by kNN / Estimated by NEBEF rectangle / Estimated by 
SARIMAX 

 

Confidential (non anonymized data) 
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Légend: 

 

 

 

 

 

The results are highly variable from one site to another related to the regularity of their 

consumption. Moreover, the k-nearest neighbour method is far more precise than the 

SARIMAX method. 

 

 

 

 

6.5 Engie B2B area 

6.5.1 Illustration of application of the SARIMAX and k-nearest neighbour methods 

 

The following charts show that the consumption structure of Engie's B2B sites is well 

captured by the SARIMAX and k-nearest neighbour methods. 

Légend: 

 

Average precision (10’ intervals) of estimation of the benchmark curve 
(MAPE) on the EDF B2B sites from June to August 2019 (top left) 

Average bias (10’ intervals) of estimation of the benchmark curve (MPE) 

on the EDF B2B sites from June to August 2019 (top right) 

Average precision (10’ intervals) of estimation of the benchmark curve 
(MAPE) on the EDF B2B sites in September and October 2019 (bottom left) 

Average bias (10’ intervals) of estimation of the benchmark curve (MPE) 

on the EDF B2B sites in September and October 2019 (bottom right) 

Average daily load curve at 10-min. time intervals for a site (in W) 

Days from June to August 2019 without load shedding – Engie B2B site 

Actual / Estimated by kNN / Estimated by SARIMAX 

 

Average daily load curve at 10-min. time intervals for a site (in W) 

Days from September to October 2019 without load shedding – 
Engie B2B site 

Actual / Estimated by kNN / Estimated by SARIMAX 
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6.5.2 Precision of estimation of the benchmark curve 

The following charts provide MAPE and MPE indicators making it possible to assess for each 

site the precision of estimation of the benchmark curve calculated by applying the SARIMAX 

and k-nearest neighbour methods. 

 

The top line corresponds to the first B2B site in the experiment area until March 2019, and 

the bottom line to the second B2B site activated since July 2019.s 

 

Légend: 

 

 

 

 

 

Average precision (10’ intervals) of estimation of the benchmark curve 
(MAPE) on an Engie B2B site in February, March and April 2019 

Average bias (10’ intervals) of estimation of the benchmark curve 

(MPE) on an Engie B2B site in February, March and April 2019 

Confidential (non anonymized data) 
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Légend: 

 

 

 

 

 

The quality of the benchmark curve is very average, with a double-digit estimate precision. 

However, the k-nearest neighbour method comes off better than the SARIMAX method.  

 

6.5.3 Power shedding 

For the first B2B site leaving the area at end-March 2019, the power shedding values are high 

and significant, around 400 kW. 
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Average precision (10’ intervals) of estimation of the benchmark curve (MPE) 
on the Engie B2B site from July to October 2019 

Average bias (10’ intervals) of estimation of the benchmark curve 

(MPE) on the Engie B2B site from July to October 2019 

Average power shedding per activation (in kW)  

Engie B2B area – kNN method  

From February 2019 to April 2019 

 

Average power shedding per activation 

(as % of benchmark power) 

Engie B2B area – kNN method 

From February 2019 to March 2019 
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For the second site activated since July 2019, the load shedding operations are not very 

marked and relatively insignificant 

Légend: 

 

 

 

 

 CONCLUSION AND OUTLOOK 

The data on the load shedding performed within the framework of the Nice Smart Valley 

demonstrator are rich material for work on improving load shedding service check methods. 

The processing work on these data thus confirm the potential of the sample group for B2C 

customers and k-nearest neighbour methods for B2B customers to enrich the catalogue of 

applicable methods for valuing load shedding within the framework of market mechanisms 

and local flexibility services.  

Incentivized residential load shedding operations are on average not very visible, whereas 

the evaluation of the benchmark curve (sample group methods) gave an accuracy between 

7% and 8% for a profolio of 180 customers.  

The residential load shedding operations managed by Engie are slightly more visible, 

although with highly variable effects over time due to the small size of the perimeter 

(leading to low performance of sample group method: up to 20% for a portfolio of 10 

customers). 

The observed effects of B2B load shedding are variable, not always visible as could have 

been expected. The activation of cogeneration worked, resulting in a localized increase in 

the injected power. Finally, application of the methods on the B2B area was able to confirm 

the superiority of the k-nearest neighbour method over the SARIMAX method. Under these 

conditions, the k-nearest neighbour method is now the method proposed by Enedis for 

application within the framework of market mechanisms for industrial and service-sector 

sites. 

Average power shedding (in kW)  

Engie B2B area – kNN method  

From July to October 

 

Average power shedding (as % of power shedding value) 

Engie B2B area – kNN method 

From July to October 
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APPENDIX F: GE FORECASTING TOOL: TDI, TDM AND RAMPSCORE 

ALGORTIHMS 

 DYNAMIC TIME WARPING (DTW) 

The variable ‘template’ represents the measurement timeseries 𝑃𝐺. 

The variable ‘query’ represents the forecast timeseries 𝑃�̂� . 

 

Figure 238 - Dynamic Time Warping 
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 TDI, TDM  

 

Figure 239 - TDI ,TDM 

 SWINGING DOOR 

The variable ‘y’ represents the measurement timeseries  𝑃𝐺 or the forecast timeseries 𝑃�̂�. 

The variable ‘t.vec’ is the list of timeStamps of the timeseries. In practice, it is expressed 

in hours.  
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Figure 240 - Swinging door 
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 RAMP SCORE 

 

Figure 241 - Ramp Score 

 

 


