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ABSTRACT 

The French “VENTEEA” smart grid initiative is a 3-year 

field demonstration project that aims at enabling an 

easier integration of renewables in medium-voltage 

distribution networks. Among the various industrial pilots 

of new technologies and grid management systems that 

are tested within the project, this paper focuses on the 2 

MW / 1.3 MWh lithium-ion battery that has been 

commissioned during the first quarter of 2015. The 

architecture of this unit is described, as well as the multi-

service approach that has been developed for its control. 

INTRODUCTION 

The French “VENTEEA” smart grid initiative is a 3-year 

field demonstration project carried out by a team of 10 

industrial and academic partners led by ERDF. Started in 

November 2012, it investigates new solutions that can 

enable a larger integration of Renewable Energy Sources 

(RES) in Medium-Voltage (MV) distribution systems and 

enhance the operation of these networks. Among the 

range of technologies under consideration, the present 

paper focuses on the 2 MW / 1.3 MWh grid-tied, 

standalone Distributed Energy Storage System (DESS) 

that was commissioned at the beginning of 2015. With 

this facility, one of the goals is to investigate the practical 

feasibility of the provision of multiple services to several 

stakeholders of the electricity value chain, which is often 

presented as a key driver to enable a wider development 

of storage in power systems.  

 

Following an overview of the VENTEEA project and of 

its storage work package, this paper presents the DESS 

pilot as well as its control architecture. More details are 

then given on the considered services and on the 

supervisory control that has been developed to study the 

provision of multiple services with a distributed energy 

storage asset in a vertically unbundled power system. 

 

THE VENTEEA SMARTGRID PROJECT 

Demonstrating the MV grid of the future. 

VENTEEA aims at testing the adaptation of the MV 

networks to wind generation through the installation of 

new grid equipment as well as through the development 

of new network management strategies and tools. The 

project lies in Champagne-Ardenne, a region located 

northeast of France that is currently the first of the 

country in terms of installed wind generation capacity. 

Indeed, this capacity has reached 1.4 GW and the target 

of local political strategies is to achieve 3 GW in 2020. 

 

The main goal of the project is to increase the hosting 

capacity of MV networks at the best possible cost. To this 

end, a distribution grid with high penetration of 

distributed generation was selected to test industrial pilots 

of new technologies and control approaches. 

 

The selected network comprises one 20-MVA primary 

substation (HV/MV) with six 20-kV feeders powering 

130 secondary substations (MV/LV). It feeds around 

3200 customers and currently hosts two Wind Farms 

(WF) rated at 12 MW (WF1, connected to a dedicated 

feeder) and 6 MW (WF2, connected to a feeder powering 

customers also). The VENTEEA demo is representative 

of the rural areas of France where wind generation is 

growing and connected mainly to 20-kV MV distribution 

systems due to particularities of the current French 

connection rules. 

 

The main tested technological innovations are: 

- a new primary substation digital control package 

(without change of existing re-closing breakers), 

- a real-time network state estimation based on a set of 

sensors installed along the MV grid, 

- Volt-VAr control schemes including real-time control 

of the voltage reference of the On Load Tap Changer 

(OLTC) of the HV/MV transformer, 



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

Paper 0738 

 
 

CIRED 2015  2/5 

- some advanced secondary substations equipped with 

an OLTC regulating MV/LV transformer, 

- and the DESS on which this paper focuses.  

The DESS work package of VENTEEA. 

The VENTEEA “Storage” work package is carried out by 

Saft, Schneider Electric, EDF R&D, the L2EP, RTE and 

ERDF. Boralex, owner of the wind farms, helps to 

facilitate the experiment. Through the development, the 

installation and the operation of the 2 MW / 1.3 MWh 

battery system, the ambition of the team of partners is to 

get a better understanding of the potential of DESS to 

facilitate the integration of renewables and enhance the 

operation of power systems in the future. To this end, 

their objectives are notably 1/ to evaluate the ability of 

the tested DESS to provide a dozen of services as well as 

its operational performances under various conditions and 

2/ to assess the practical feasibility, in a vertically 

unbundled power system, of the addition of revenue 

streams through storage multi-service operation. 

 

As depicted in Figure 1, the storage unit is inserted in the 

grid closely to the 2 wind farms and a suitable switch 

allows connecting the DESS either to feeder 1 (dedicated 

feeder built to accommodate WF1) or to feeder 2 (feeder 

with customers and WF2). In addition to the necessary 

involvement of the stakeholders (DSO, TSO and Boralex 

as wind farm operator), this particularity strongly 

increases the potential of the demonstration site in terms 

of relevant storage services and combinations of services. 

 

 
Figure 1: location of the VENTEEA DESS. 

DESCRIPTION OF DESS ARCHITECTURE 

The DESS architecture (Figure 2) consists in a 1.3-MWh 

Saft lithium-ion battery (2 Intensium Max IM+20 

containers) connected to the MV grid thanks to a 2-MVA 

Power Conversion System (PCS) based on two Schneider 

Electric PCS containers, each one containing two 540-

kVA, full 4-quadrant inverters. In addition, a 2-level 

control system has been developed within the framework 

of the project to handle multi-service operation of the 

tested DESS.  

 

 
 

Figure 2: VENTEEA storage unit architecture. 

 

SAFT Intensium Max IM+20 containers. 

Lithium-ion batteries have recently become a key 

technology for grid power applications. This is due to the 

different advantages they offer such as high energy 

density, outstanding efficiency, precise SoC indication, 

long lifetime and the expected reduction of costs through 

mass production. All these benefits justify the use of 

lithium-ion batteries despite their high price today in 

comparison with mature technologies such as lead-acid.  

 

Saft has developed Li-ion cells since 1990s for high tech 

applications (i.e. space, military). This technological 

experience combined with its system integration expertise 

has permitted Saft to develop advanced Li-ion batteries 

systems for the energy industry. Although the first MW 

scale battery container was designed around 5 years ago, 

Saft is developing in the frame of VENTEEA a new 

container generation called Intensium Max+. The main 

innovation of this new container is the capability to 

deliver 2 MW / 1 MWh at 700 V in a single container, 

when populated with 17 strings. In order to do so, Saft 

has developed a new mechanical integration concept for 

Synerion® 24M as well as an advanced thermal 

management to maximize the energy throughput in a 

given period of time. This last point is a technical 

challenge since a 2 MW battery into a 20-foot container 
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is a unique product in the market and also a key for 

combining multiple services for several grid stakeholders. 

 

In the specific case of the VENTEEA project, it has been 

decided to install 2 containers of 12 strings each in order 

to obtain a DESS of 2 MW / 1.3 MWh. The Saft 20-foot 

container integrates not only the battery racks and 

thermal management but also an improved Battery 

Management System (BMS) and a fire suppression 

system to protect the battery from abusive conditions 

(overcharge, deep discharge, overcurrent, etc.).  

Schneider Electric Power Conversion and 

Management containers. 

The PCS is based on inverters commonly used for solar 

farm applications. Dedicated software has been 

developed in the framework of the VENTEEA project in 

order to use those inverters within a bi-directionnal power 

conversion system for storage applications. Each Power 

Conversion and Management container is equipped with 

two inverters rated at 540 kVA for one 1 MW battery 

with full 4-quadrant capability. The modular design of 

the product allows building storage systems up to 10 MW 

by putting modules in parallel. Medium voltage cubicle, 3 

windings MV/LV transformer and Programmable Logic 

Controller (PLC) are also part of the Conversion and 

Management containers. A dedicated PLC allows the 

communication between the BMS, the inverters and the 

upstream supervision system. On the top of the 2 

modules, a Storage Master Controller (SMC) has been 

developed to manage the 1-MW modules in parallel, to 

make the interface with the ERDF Distribution 

Management System (DMS) and locally control the 

services.  

A FIELD TEST TO INVESTIGATE DESS 

MULTI-SERVICE OPERATION 

A new step towards DESS profitable cases. 

Storage can be useful in many ways to the stakeholders of 

the electricity value chain [1][2]. However, the revenue 

stream brought by the provision of a single service is 

often insufficient to exceed the costs and reach 

profitability [2][3]. Therefore, many authors see services 

combination as an interesting solution to increase the 

profitability of energy storage projects, thus possibly 

enabling a wider use of these assets. This approach 

consists in taking the most of a DESS 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, a given distributed 

storage unit can participate in ancillary services most of 

the time, thus contributing to the security and reliability 

of the power system as a whole, and be punctually 

dispatched to relieve local voltage/current constraints in 

the distribution grid to which it is connected. Taking this 

concept to the field may be relatively straightforward in 

the case of vertically integrated utilities but seems much 

tougher in the context of a vertically unbundled power 

system, where its feasibility still needs to be proven. This 

is one of the key focuses of the VENTEEA storage demo. 

A new supervision system design. 

The Table 1 below gives an overview of the DESS 

services that will be tested. To go as far as possible in the 

analysis of storage benefits and of their aggregation, 

various modes of operation for several stakeholders have 

been selected. Some of them are more relevant in case the 

storage unit is directly connected to the primary 

substation through feeder 1 (see Figure 1), such as 

frequency control (TSO1), distribution capacity support 

(DSO1), etc. Conversely, some services are more suitable 

to the case of a DESS connected at the end of feeder 2, 

such as local voltage control (DSO2) that can help to 

prevent overvoltages when WF2 operates at rated power. 

 

Stakeholder Service Feeder(s) 

TSO TSO1 – Frequency control Mainly 1 

TSO TSO4 – Congestion relief Mainly 1 

DSO DSO1 – Capacity support Mainly 1 

DSO DSO2 – Local voltage control Mainly 2 

DSO DSO3 – Contingency grid support Mainly 2 

DSO DSO5 – reactive power support Mainly 1 

DSO DSO9 – TSO fees optimization Mainly 1 

WF operator DG1 – Ancillary services support 1 and 2 

WF operator DG2 – Fluctuation smoothing 1 and 2 

WF operator DG3 – Curtailed energy reduction 1 and 2 

WF operator DG4 – Time shifting 1 and 2 

WF operator DG5 – Capacity firming 1 and 2 

DESS operator ARB – Energy arbitrage 1 and 2 

Table 1: Portfolio of VENTEEA storage services. 

 

According to extensive simulation work carried out 

during the early phases of the project, the 2 MW / 1.3 

MWh rating should be sufficient to meet the requirements 

of most operating modes (e.g. TSO1, DG2, etc.) but other 

services such as wind capacity firming (DG5) clearly 

require a much higher amount of power and/or energy 

capacity. This said, services such as this example of DG5 

will still be tested in the field using the existing 2-MW 

storage facility thanks to a scaling factor that is included 

in the control system of the DESS (Ns, an integer higher 

or equal to 1). If Ns > 1, the control system considers that 

the facility it operates is made of Ns DESS building 

blocks of 2 MW / 1.3 MWh, one of which being the real 

unit and the others being Ns-1 virtual units considered as 

exact copies of it. In this situation, the amount of active 

power required to carry out the selected service is 

supposed evenly distributed between these Ns building 

blocks. The real unit thus processes 1/Ns of the total 

power reference and the result that would have been 

observed with Ns DESS building blocks instead of one 

can be calculated ex post from the measurements made at 

the test site. This approach significantly increases the 
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range of services that can be considered within the 

framework of the project and will make it possible to 

assess the optimal ratio of energy storage to total wind 

capacity that would allow various level of smoothing and 

capacity firming. 

 

As shown in Figure 2, a specific control system made of 

two complementary levels has been developed: 

- The Storage Scheduler is a remote supervision that 

performs day-ahead scheduling of storage services to 

maximize profitability while satisfying 1/ requests 

from the stakeholders and 2/ a set of constraints 

linked to DESS capabilities or to a risk of 

unacceptable grid current/voltage limit violations that 

is estimated ahead of real-time using local load and 

generation forecasts. The Storage Scheduler can also 

make intraday adjustments every 30 minutes or every 

hour in order to limit the impact of any deviation from 

the initial program (e.g., see [4]). 

- The Storage Master Controller includes a local 

supervision of storage services that autonomously 

executes the optimized schedule received from the 

Storage Scheduler and that takes appropriate actions 

in real-time if a contingency occurs. To this end, it 

features a library of control algorithms that has been 

developed within the framework of VENTEEA to 

manage the provision of each service using setpoint(s) 

included in the optimized schedule and local 

measurements (e.g. grid frequency) or internal DESS 

data (e.g. SoC).  

Master Controller development and validation. 

Engineering method 

Each DESS service is delivered under the form of 

purposely controlled power/energy exchanges between 

the storage unit and the grid. For each mode of operation, 

a specific control algorithm must be designed and 

implemented into the SMC. To this end, within 

VENTEEA, EDF R&D developed a model of the DESS 

presented in Figure 2 in the Matlab/Simulink 

environment and used this resource to build the library of 

DESS real-time control algorithms of the 2 MW / 1.3 

MWh unit. For each mode of operation, dynamic 

simulations were used to design the control laws and 

identify suitable parameters. The result of this process 

was then adapted, coded and implemented by the L2EP 

on a Schneider Electric M340 PLC. Aside from this work 

related to storage services, Schneider Electric developed 

all the functions of the SMC that are required to manage 

the operation of parallel 1-MW PCS modules as well as 

the interface with the ERDF DMS. 

 

End 2014, it was decided to carry out a series of factory 

tests in order to validate some key aspects of the 

battery/inverter integration as well as the operation of the 

Storage Master Controller.  As shown in the Figure 3, the 

experimental setup at Schneider Electric facility included 

two 540-kVA inverters, a 100 kW / 58 kWh battery rack 

and a control architecture representative of the 2 MW / 

1.3 MWh unit built during the first quarter of 2015. 

 

 
Figure 3: factory testing experimental setup.  

 

Sample results of the factory tests. 

The last paragraph of this paper illustrates some results 

obtained during the test of the TSO1 control algorithm, 

namely the contribution to primary frequency control. 

 

Primary frequency control (PFC) aims at keeping the 

power system generation and demand balanced to 

maintain the frequency f within admissible limits at every 

instant. Classically, it consists in increasing the power 

generation (or decreasing the power consumption) if the 

frequency is lower than the target value fref (50 Hz in 

France) and conversely in decreasing the power 

generation (or increasing the power consumption) if the 

frequency is higher than fref. For this service, the basic 

control function is a power tuning (PrefPFC) proportionally 

to the frequency deviation. The example shown in Figure 

4 also allows controlling the amount of primary control 

reserve through PFCb and PFCh as well as the response 

time of the DESS to frequency changes via T. In the 

sample result below, the settings were as follows: PFCb 

= -100 kW, PFCh = 100 kW, T = 5 seconds and K = 500 

kW/Hz (full activation of the reserve if |Δf| ≥ 200 mHz). 

 

K + _ 

f fref 

f


 

 

PFCb 

PrefPFC 

Dynamic saturation 

PFCh 

s 

 

Figure 4:  A simple control algorithm for PFC. 

 

The VENTEEA TSO1 control algorithm also includes a 

SoC regulation. The example shown in Figure 5 is based 

on a proportional corrector with a dead band. To have the 

lowest possible impact on the provision of PFC to the 

power system, this component of the DESS active power 

reference is limited (max. ±20 kW in the illustration 

below) and a ramp rate limit rSoCPFC is applied to clearly 

separate PSoCref to the main TSO1 control action PrefPFC. 
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Figure 5:  A simple SoC control for PFC. 

 

A sample result of factory tests is shown in the Figure 6, 

7 and 8 below. At the beginning of the test, the SoC has 

reached is reference value of 50 % and PSoCref is 

therefore progressively increasing towards 0.  

 

 
Figure 6: PSoCref and SoC as a function of time. 

 

A -0.5Hz frequency deviation is then added between t = 1 

minutes et t = 6 minutes to the frequency measurement, 

which immediately results in the full activation of the 

primary control reserve.  

 

 
Figure7: Grid frequency and ESS output power as a 

function of time. 

 

 
Figure 8: Zoom on the activation of the primary 

frequency control reserve: measured (real) behavior 

vs. expected (simulated) behavior. 

Following the event, the SoC is progressively brought 

back to its reference of 50 %, thus ensuring a high level 

of availability of the service (Figure 6).  

 

Thanks to the zoom displayed in Figure 8, it appears that 

the response time matches the expected value (15 seconds 

since T = 5 seconds) and that there is a good agreement 

between the measured behavior and what was expected 

from the simulations. 

CONCLUSION AND NEXT STEPS 

This paper has presented the VENTEEA DESS pilot as 

well as its control architecture. More details have been 

given on the considered services and on the supervisory 

control that has been developed to study the provision of 

multiple services with a distributed energy storage asset. 

This development was validated through a series of 

factory tests that is described at the end of the paper and 

illustrated using some sample results. 

 

The VENTEEA 2 MW / 1.3 MWh DESS will be 

commissioned during the second quarter 2015. The field 

tests are scheduled to start in May 2015 and will last 1 

full year in order to analyze the impact of seasonal 

variations of wind generation and load on the operation 

of the storage system (benefits, grid constraints, etc.). The 

partners intend to draw technical and economic 

conclusions from this experiment. 
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