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ABSTRACT
Funded by the European H2020 research program, the
EU-SysFlex project aims at providing a roadmap for
Europe to meet the challenge of integrating over 50%
renewables by 2030. The project includes seven
industrial-scale demonstrators to explore the provision of
flexibility services to system operators, using resources
from all system levels. This paper focuses on the
description of the French demonstration project, the aim
of which is to coordinate the operation of a portfolio of
distributed resources for multi-services provision. The
scientific approaches, the hardware components as well
as the architecture of the demonstration are described in
detail.

INTRODUCTION
Funded by the European Horizon 2020 research program,
the EU-SysFlex project is supported by a pan-European
consortium including transmission and distribution
system operators, utilities, technology providers, as well
as research and academic institutes [1]. The overall aim
of this 26-M€, 4-year demonstration project is to provide
a roadmap for Europe in meeting the challenge of
integrating over 50% renewables by 2030. The project
includes seven industrial-scale demonstrators to explore
the provision of flexibility and services to system
operators, using resources from all system levels. This
paper focuses on the description of the French
demonstrator which aims at coordinating the operation of
a portfolio of distributed resources for multi-services
provision.
Indeed, operating the power system with high penetration
of renewables will require to overcome significant
technical challenges, such as frequency and voltage
stability concerns [2]. Higher reserve and new flexibility
requirements would thus be necessary to ensure power
system security and reliability. The provision of ancillary
services – so far mainly supplied by conventional
synchronous units – would also be required for variable
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renewable generation (VRG) connection or supplied by
storage. In previous studies and demonstrations
worldwide, the ability of these new assets to provide
system services individually has been proven. For
example, the frequency reserve and voltage support
provided by battery storage system have been
demonstrated in [3] [4]; the participation of wind farms in
frequency regulation such as frequency containment
reserve (FCR) or frequency restoration reserve (FRR) has
been analyzed and demonstrated in [5], [6]; the capability
of photovoltaic (PV) panels to provide FCR has also been
investigated in [7].
However, the services provision may be restricted and
intermittent by using single units’ abilities only, due
notably to unfavorable wind/solar conditions or limited
storage capacity. The performance and reliability of the
procured services are therefore expected to be highly
enhanced, from a local point of view, by aggregating
renewable energy sources (RES) and storage abilities.
Furthermore, cost-benefit analysis often shows that the
revenues of a single service are not sufficient to cover the
investment and operating costs. The provision of multiple
services can help overcome this barrier thanks to
additional revenue streams.
In this context, the concept of multi-resources
aggregation for multi-services provision is proposed in
the French demonstration of the EU-SysFlex project. The
partners in this demonstration are EDF R&D and
ENERCON, with their research teams or branches
involved, cooperating for the needs of the demonstration
work. The main objectives are:
- to demonstrate the technical feasibility of
performing
optimal
management
and
coordinated control of the multi-resources
aggregator to provide multi-services to the
power system;
- to assess the performances of different services
and flexibility solutions that can be procured
from the aggregator by considering the power
system’s needs and grid codes’ requirement.
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EDF Lab Saclay: centralised
control center
Anglure 2
12-MW
wind farm

IEC 61850 based and hardwareagnostic communication platform

EDF Lab Les Renardières: Concept Grid

600 kw resistive
load bank

Real-time simulation
platform

PV panels installed on
Concept Grid
E-Storage 2300 container
(2.3 MW / 1h)

Figure 1. Means and facilities of the multi-resources multi-services demonstrator

THE
MULTI-RESOURCES
SERVICES DEMONSTRATOR

MULTI-

The main facilities and testing means for the
demonstration are shown in Figure 1. The portfolio of
resources comprises a 12-MW wind farm, a 2.3-MW/1h
lithium-ion battery system, photovoltaic panels and a
variable load test bench, combined with power amplifiers
and a real-time simulation platform. The demonstrator is
mainly implemented at EDF Concept Grid (CG), with the
exception of the wind farm being at a distant location and
connected to the French public distribution grid.
Concept Grid
Concept Grid has been set up by EDF R&D in the site of
Les Renardières south-east of Paris. It was developed to
study the integration of renewable energy resources in the
electric system as well as new uses such as electric
vehicles or heat pumps [8]. Fed by a fully dedicated
63/20 kV transformer, Concept Grid includes 3 km of
MV (Medium Voltage) network (overhead lines,
underground cables) supplying 7 km of LV (Low
Voltage) network. One of the goals is to replicate the real
conditions
of
an
electric
system operation.
Representativeness is also brought by a residential
neighbourhood of five 20 m² houses, fitted with state-ofthe-art equipment: smart meters, remote controlled
household appliances, reversible heat pumps, PV panels,
terminal for electric vehicles, etc. Concept Grid is
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designed to take place half-way between laboratory tests
and experiments in the field, where it is possible to
conduct, in complete safety, complex testing campaigns
that would be difficult to be performed in a real system.
For the demonstration purpose, the equipped kW-size PV
panels as well as the resistive load banks will be used to
emulate respectively the generation of a real MW-size PV
farm and the behaviour of an industrial load, through a
powerful four-quadrant amplifier (120 kVA source / 60
kVA load) coupled with real time simulation. Moreover,
with this infrastructure, step-by-step power-hardware-inthe-loop (PHIL) experiments from fully simulated
demonstration platform to fully real-life tests will be
performed. This approach allows fast and secure
development of models as well as controllers, and derisks as much as possible the entire control system thus
minimizes the costs.
Anglure wind farm
For the demonstration, ENERCON will make available
an owned wind farm Anglure 2, located in the department
of “Marne”, in the community of Saron-Sur-Aube, about
120 km south-east of Paris. Commissioned in September
2015, Anglure 2 is generating 30 000 MWh/year and
comprises 6 x 2000-kW turbine of type E82 for a total
installed power of 12 MW. Each wind turbine is based on
a full converter technology with FACTS (Flexible
Alternative Current Transmission System), which is a
suitable solution for integration into the grid.
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An enhanced wind farm (WF) control unit dedicated to
providing grid services will also be developed and
equipped, allowing much faster response time of the WF
while keeping the capability of responding to the eventual
requests from the French Distribution System Operator
(DSO) ENEDIS (e.g. active power curtailment, WF
disconnection, etc.) through a dedicated communication
interface [9].
Battery storage – E-Storage 2300
A full storage system including a 2.3-MW/1h lithium-ion
battery based on graphite-NMC as well as a newly
developed ENERCON E-Storage 2300 power conversion
system will be installed at EDF CG and used for the EUSysFlex demonstration. The Li-Ion-battery is located in a
45-foot container, consisting of 42 racks. Based on
proven ENERCON power components, the E-Storage
2300 consists of a bidirectional inverter within a 40-foot
container and serves as an intelligent interface technology
for DC-batteries of all kind. Together with a battery and
an ENERCON controller, the E-STORAGE 2300 can
provide system services – such as primary frequency
control and ramp rate reduction of active power
variations from wind farms.
Multi-services provision scheme
The services that will be tested by the demonstration are
well aligned with the future power system scarcities (in
terms of ancillary services need such as frequency and
voltage controls as well as additional requirement on
flexibility provision), previously investigated and
identified through augmented literature review [10]. They
are classified into different categories as summarized in
Table 1. Detailed technical description of each service
can be found in [11].
Categories

Services

Frequency
support
services

Fast Frequency Response (FFR)

This implies to address several complex technical issues
such as the compatibility and performance assessment of
different services. The coordination of multi-services
provision and the allocation of different services on
multi-resources are part of the key scientific research
topics of the demonstration work. Further in-depth
studies will be carried out to investigate this subject
through simulations and experimental tests. It will also be
necessary to further discuss with the system operators, in
order to better understand the performance required of
different services as well as the appropriate
corresponding control methods.

ARCHITECTURE OF THE DEMONSTRATOR
To operate the demonstrator composed of multi-resources
of different nature as a whole and to ensure the optimal
coordination of multi-services provision, centralized
control functions will need to be built, including RES
forecasting tools as well as the energy management
system (EMS) providing both day-ahead / intraday
schedules and short-term program adjustment capacities.
An advanced communication infrastructure will also need
to be implanted to ensure fast and accurate information
and data exchange between the EMS and each of the
assets.
Operating principle and control layers
The operation of the demonstrator will be achieved using
a dedicated three-level supervisory control as illustrated
in Figure 2.
Main power system

Frequency Containment Reserve (FCR)
Frequency Restoration Reserve (FRR)

Flexibility
solutions

Ramp-rate control

Reactive
power
services

Local voltage support

P = ∑Prefi

Multi-resources
aggregator

Q = ∑Qrefi

Multi-services
provision

The proposed multi-services approach consists in
maximizing the operation potential of a multi-resource
aggregator by using it for multiple functions whenever
useful and technically feasible, which makes it possible
to harvest more income from one or, more likely, from
several levels of the electricity value chain. For example,
such an aggregation system can participate in ancillary

30 min ~ a
few seconds

Table 1. Services provided by the multi-resources aggregator

D-1 / Intraday
~ 30 min

Dynamic reactive response

A few seconds ~
real time

Peak shaving

+ Energy arbitrage as an aggregator

CIRED 2019

services while the wind and solar conditions allow or
when the storage is available, thus contributing to the
security and reliability of the power system as a whole,
and be punctually dispatched to relieve local voltage
constraints in the distribution grid to which it is
connected [12].

Local real-time controllers
-

Execute predefined orders
Perform control functions and provide services

Technical local control level
Short-term control & monitoring
-

Monitor the provided services’ performance
Take appropriate actions in case of contingency

Operational exploitation level
Operational planning scheduler
-

Allocate capacities and define orders
Integration of forecast results and market information

Market integration optimization level

Figure 2. General control layers of the demonstrator
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Figure 3. Demonstration communication architecture

First, a remote supervision will perform day-ahead
scheduling of services allocation to maximize
profitability while satisfying different constraints (e.g.,
battery state of charge) and requests from the system
operators. This function is performed through the layer of
“operational planning scheduler” with a time resolution
of 30 minutes. It will also make intraday adjustment of
the schedule in order to limit the impact of the deviations
due notably to RES forecasting errors.
Secondly, the layer of short-term control is necessary to
handle the events that occur within each scheduling time
step: for instance the loss of a resource or the loss of
communication. It will take appropriate actions if any
contingency occurs. The main goals are: 1/ to monitor the
real-time performance of the aggregator in regard to the
services that are scheduled to be provided; and 2/ to
monitor the state and availability of the system and, if
necessary, switch to another operational scenario in case
of unexpected events. The short-term control as well as
the operational planning scheduler form together the
EMS of the aggregator, which is the “brain” controlling
the operation of the whole system.
Ultimately local controllers of each resource will
autonomously manage the execution of the services
allocated by the EMS and send active and reactive power
references to the resources, depending on local
measurement such as frequency and voltage.
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Communication infrastructure and interfaces
To ensure the communication within different control
layers and assets, a new full IEC 61850 based and
hardware-agnostic communication platform developed by
EDF R&D will be used. This platform presents several
advantages, when compared with the traditional ones,
such as the flexibility to manage the software, firmware
and configurations on remote devices such as intelligent
electronic devices (IED) or grid edge devices (GED) with
an increased level of cybersecurity. Another important
aspect is the evolutivity of the proposed platform since
the evolutions of its software and hardware are mostly
independent. This aspect allows to enhance the
management of an increasing number of devices being
deployed on the field for automation and of distributed
energy resources on all voltage levels. Furthermore, the
developed software and platform are based on IEC core
standards (such as IEC 61850, IEC 62351 and IEC CIM),
which ensure the interoperability and replicability of the
demonstrated solutions.
The overall communication architecture of the
demonstration is presented in Figure 3. The proposed
architecture here intends to represent a real and global
environment that can be used by any large industrialscale aggregator to manage several resources.
Grid Edge Devices (GED) based on the proposed solution
are introduced to assure the communication between each
Distributed Energy Resource (DER) and the aggregator’s
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EMS. This solution allows the interaction with a wide
range of DER using different protocols with advanced
functions integrated, such as sending measurements,
receiving control signals, managing alarms, storing
information for one day, giving priority to the orders
provided by system operators, etc. The Device
Management System (DMS), allows the update of
firmware and configuration of the algorithms in the
GEDs. The DMS is used for maintenance purposes in real
equipment. In the present demonstration, the DMS will
be particularly useful to test different algorithms and
parameter settings which can be deployed in the GEDs
remotely.

CONCLUSIONS
This paper describes the overall concept and presents the
technical specifications of the EU-SysFlex French
demonstration based on an aggregation approach for
multi-services provision from a portfolio of distributed
resources. Details have been given on the considered
services and on the supervisory control layers that have
been developed to enable the provision of multiple
services
by
multi-resources.
The
designed
communication infrastructure of the aggregator has also
been presented.
Next steps mainly address the set-up of the hardware
components to build the demonstrator as well as the
development and integration of different tools allowing
its operation. The partners intend to draw technical and
economic conclusions from the experimental tests.
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