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CENTRALIZED 
LIGHTING OFFERING 
GREATER COMFORT 
AND ENERGY SAVINGS

The advantages of LED over 
traditional lighting are almost 
too numerous to count. However, 
despite lower energy consumption, 
longer lifespans, superior 
mechanical resistance, very low 
voltages, and ultra-compact 
form factors, LED lighting has 
been slow to gain traction. The 
reason? A specialized professional 
is needed to configure LED 
lighting management systems. 
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DELIGHT
The Delight project, an initiative of Schneider 
Electric, set out to make LED-based lighting 
simpler. The goal was to come up with an 
innovative solution that is compact, universally 
compatible with all LED light fi xtures, and 
interoperable with other technologies, such 
as OLED, lighting integrated into building 
materials, and traditional lighting.

The 250-watt LEDbox is a central unit that can 
control nine independent lighting feeders, 
which are in turn connected to either LED or 
OLED modules.

Delight is a visionary project breaking new 
ground in the kinds of smart lighting solutions 
that professionals are looking for. These 
solutions will ultimately do more than provide 
light, with features like content and interactivity 
with users and their environment just over the 
horizon. 

The LEDbox privileges human-machine 
interaction, in anticipation of the imminent 
Internet of Things, with the goal of enriching 
the user experience for both installers and end 
users. 

QUICK FACTS

OBJECTIVE

Develop a new lighting system 
with centralized control and power 
supply capable of integrating LED, 
OLED, and traditional lamps.

PARTNERS 

Schneider Electric, Saint-Gobain, 
Sonepar, Texas Instruments, 
EFS, Ingelux, Motwin, Grenoble 
Computer Science laboratory 
(LIG), Ecole Nationale des 
Travaux Publics de l’Etat (ENTPE), 
LAPLACE laboratory (Paul 
Sabatier University in Toulouse), 
and Institut Paul Bocuse.

Project co-certifi ed by Minalogic.

FINANCING

The French Single 
Interministerial Fund.

5
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The easy-to-implement Delight 
architecture, used with the LEDbox 
controller, is 20% to 30% less expensive 
than traditional systems, making 
it the perfect choice for hotels, 
restaurants, and a wide range of other 
commercial and office buildings.

DELIGHT

RESULTS
A hotel room, offi  ce, and restaurant were 
equipped with the system in a test rollout: the 
fi rst in a room of the Hôtel Royal, the second in a 
Mat’électrique offi  ce in Lyon, and the third in an 
experimental restaurant at Institut Paul Bocuse, 
which presented the particular challenge of 
adjusting lighting according to customer traffi  c. 
The restaurant was equipped with some 40 
interconnected lamps used to create diff erent 
lighting scenarios. The test rollout demonstrated 
the crucial role of lighting in the customer 
experience, and potentially, the LEDbox’s use in  
sensory marketing.

The LEDbox is very simple to connect and use, 
thanks to one breakthrough innovation: a star-
shaped confi guration linking the diff erent lamps. 
By combining diff erent conversion technologies, 

Schneider Electric and EFS also managed to 
integrate smart, high-power-quality LED drivers 
with a yield of about 90%, quite an achievement 
in such a constrained environment.

The Delight project owes its success to the 
responsiveness and skills of its partner SMBs. 
Motwin provided its human-machine interface 
expertise to make installing the system easier, 
Ingelux its lighting expertise, and EFS developed 
the LEDbox electronics.

In return, their involvement in the Delight project 
has increased their technical and commercial 
credibility among their own customers. 

GROWTH
EFS is in charge of LEDbox maintenance for 
Institut Paul Bocuse, where the experimental 
rollout is ongoing. The SMB has also signed 
an outsourced manufacturing contract with 
Schneider Electric and has just launched the 
production of a pre-series of LEDboxes to 
supply its fi rst customers. 

Schneider Electric and Lucibel have joined 
forces to create SLMS, a joint venture marketing 
their new product Store Operation, which is an 
integrated lighting solution for retail outlets 
like sporting goods, home furnishings, and 
cosmetics stores and car dealerships. SLMS has 
chosen the LEDbox as its fl agship product.

The company specializes in interactive retail 
systems (in-store tablets, geolocation, etc.) 
and serves the French market. Between a few 
hundred and a few thousand units are expected 
to be produced a year starting in 2016–2017. 

6



OUTLOOK
Eff orts are currently focusing on the industrial-
scale production and commercialization of 
the LEDbox, which has to carve out a slot on 
a fast-moving market. Large offi  ce buildings 
will be a prime market segment, with 
estimated needs of between 1,500 and 2,500 
LEDboxes per contract.

Numerous experiments are also underway 
to optimize use of the LEDbox, particularly 
in sensory marketing. The LEDbox user 
experience will be further enhanced by 
interactive content triggered by lighting-
related events, a development expected in 
the medium-term. 

A motion-based interface developed in 
collaboration with LIG is at the academic 
research stage.

Other academic research is being fi nalized 
with the LAPLACE laboratory, notably to 
improve the lighting’s aging performance. It 
may be possible to forecast LED replacement 
by integrating algorithms into the LEDbox. 

77

Moving toward the energy transition

Scan the QR code to 
learn more about 

energy effi  cient 
buildings R&D 

at Tenerrdis

2
LEDbox presented 
at two trade shows

2 
permanent positions 

created at EFS

Numerous 
articles published 

in international 
scientific journals



STORAGE SOLUTIONS 
TO FACILITATE 
RENEWABLES 
INTEGRATION INTO 
ISLAND GRIDS

Integrating renewables into 
isolated island grids like those 
found in the French overseas 
departments presents a major 
challenge. And yet renewables 
are the key to providing these 
island communities with 
greater energy independence 
and lower energy bills.   
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ENERSTOCK

Grid operators do not currently have the tools 
they need to cope with more than 20% or 
30% of energy from intermittent sources like 
wind turbines or photovoltaic solar panels. 
Sometimes they must make diffi  cult choices like 
cutting renewables producers off  from the grid. 

The Enerstock project focused on fi nding 
technical solutions to allow grid operators to 
better integrate renewables into the energy 
supply.

The goal was to determine the feasibility of a 
hydraulic pump/turbine storage system, both 
with and without a battery. The system would 
of course have to provide a range of smart-grid 
features—renewable production forecasting 
and management, demand-response, and 
frequency support capabilities—to facilitate 
better renewables integration.

QUICK FACTS

OBJECTIVE

Determine which features 
electricity storage systems on 
power grids in the French overseas 
departments would have to off er 
to more easily integrate wind and 
photovoltaic energy production.

PARTNERS

Quadran, Artelia, EDF, 
Mecamidi, Saft, the Réunion 
University PIMENT laboratory, 
and CREMHyG (a Grenoble 
Institute of Technology lab).

Project co-certifi ed by the S2E2 
and Capenergies clusters.

FINANCING

The French Single Interministerial 
Fund, ERDF, the Centre Regional 
Council, the Loiret General 
Council, and the Orléans Val de 
Loire Intermunicipal Authority. 
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The Enerstock project 
determined how to optimally 
combine pumped storage 
hydro power (PSP) and lithium-
ion technologies to meet 
storage system specifications 
for isolated island grids.

ENERSTOCK

RESULTS
The Enerstock project began with research 
to analyze the technologies selected and 
determine their suitability. PSP and Li-ion were 
deemed optimal. France-based hydraulic turbine 
manufacturer Mecamidi and Artelia, a hydraulic 
engineering fi rm, helped design the plant and 
choose the most appropriate components. 
Lithium-ion battery manufacturer SAFT, also 
based in France, determined the optimal 
operating conditions for the batteries. 

Additional clarifi cation of the costs and 
constraints of such systems further underscored 
the relevance of the Enerstock project.

Simulations were completed to identify the 
features that would have the greatest impact 

on intermittent renewables integration. The 
results were used to develop specifi cations for 
government RFPs for wind and photovoltaic 
generation systems off ering storage possibilities 
for isolated island grids.

Studies were also completed to determine the 
optimal conditions for island grids, both for a 
medium-power PSP coupled with renewable 
energy production and for the lithium-ion 
battery system. 

Tests carried out on reduced-scale models 
provided valuable feedback. A preliminary 
design for a demonstrator PSP on Réunion was 
assessed under the project and presented to 
the French national energy agency, ADEME. It 
will pave the way for other centralized storage 
projects in the French overseas departments 
with the broader goal of raising the minimum 
renewable energy penetration rate allowed by 
law, currently 30% in the overseas departments.

GROWTH
Quadran is in the process of commissioning its 
fi rst wind power generation and storage facility 
in Guadeloupe and is developing photovoltaic 
solutions that include storage. 

The Enerstock project will pave the way for a 
France-based energy storage industry, with 
the medium-term goal of several megawatts’ 
capacity.

10



OUTLOOK
In the longer term, the project partners—
manufacturers and grid operators in 
France—will leverage the storage solution 
and know-how developed under the project 
to off er new products and services to island 
grids worldwide. 

The regulatory environment will also 
help drive growth in the French overseas 
departments, with substantial fi nancial 
incentives for electricity storage systems that 
were passed into law in 2014. This regulatory 
shift will spur the emergence of private 
storage equipment run by grid operators, 
starting in 2016. 
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A NEW, MORE 
INTEGRATED 
APPROACH TO 
HYDRAULICS AND 
HYDROPOWER

Low-head hydropower plants 
consist of run-of-river turbines 
installed on high-flow, low-head 
(often less than 20 meters) 
rivers and streams. Most 
suited to these conditions is 
the horizontal-axis bulb-type 
turbine—but its performance 
is very sensitive to flow quality, 
in particular uniformity. 
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PENELOP2

A mere one percent reduction in performance 
at a low-head plant represents an overall 
production shortfall of 730 GWh/year. This 
issue is a sizeable one in the Rhône-Alpes 
region, where hydropower accounts for 62% of 
renewable energy production.

The Penelop2 project focused on increasing 
our understanding of the hydraulic interface 
between components located upstream and 

downstream and the quality of the fl ow in 
the hydraulic turbine. It is essential to be able 
to distinguish among the fl ow’s hydraulic 
characteristics those that are acceptable 
upstream of the dam from those having a 
negative impact on turbine performance. By 
reducing causes of fl ow disruption, it may 
be possible to improve productivity at such 
facilities. 

QUICK FACTS

OBJECTIVE

More accurately predict the 
energy production of new 
and rehabilitated low-head 
hydropower plants, leveraging 
data about their upstream and 
downstream environments.

PARTNERS

Alstom Hydro France, CNR, 
Artelia, CREMHyG (a Grenoble 
Institute of Technology lab), 
In Vivo, JKL, and Actoll.

FINANCING

The French Single Interministerial 
Fund, the Rhône General 
Council, and the Greater 
Grenoble Intermunicipal 
Authority (La Métro).

13
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Quantifying the potential impact 
of hydraulic characteristics 
can help energy producers 
make optimal choices.

PENELOP2

RESULTS
The Penelop2 project included both 
experimentation and numerical modelling. 
A pilot site was set up at the Vaugris dam, in 
Isère. Open-source software was used to build 
a generic simulator to monitor the measured 
power at the site over several months. Two 
models, one physical one numerical, collected 
data on disturbances. Based on this information, 
adjustments were made to the turbines 
resulting in a 1% yield increase, representing 66 
GWh/year. 

Penelop2 also looked at water infl ow and 
outfl ow conditions, making it easier to control 
not only absolute fl ows, but also safety 

conditions. The result was a new application to 
optimize the interface between the river bed 
and hydropower infrastructure. The application 
is in the advanced development stage for bulb-
type turbines and could also be applied to 
Kaplan turbines. 

Of particular interest in the Penelop2 project is 
the dual use of physical and numerical models, 
which anchored the position of CNR, Alstom 
Hydro, and Artelia, especially in the fi eld of 
hydropower infrastructure engineering. 

GROWTH
Penelop2 has given Alstom Hydro France an 
undeniable competitive advantage on the 
global market. Internally, teams have been 
made aware of the results of this research 
project and of the need to manage risks 
in relation to upstream and downstream 
infl uences. Alstom Hydro will leverage the 
expertise acquired through the project to 
optimize and increase the safety of the services 
it provides its customers. The company is 
using new information gained under Penelop2 
for RFPs, focusing in particular on its ability 
to control production costs and assess 
productivity gains.

Artelia is continuing to invest in code coupling 
and modeling. The company has developed its 
own infrastructure modeling expertise. 

14



OUTLOOK
The Penelop2 project provided an 
opportunity for project stakeholders to work 
more closely together. This is particularly true 
of hydraulic engineering specialists Alstom, 
Artelia, and CNR, who now regularly share 
product feedback. 

PhD research at LEGI (Grenoble Institute of 
Technology) is looking at the characterization 
of the bulb turbine’s downstream behavior 
(draft tube).

Innovative use has been made of the ASFM 
fl ow measurement technique for the same 
type of turbine. Operators such as Hydro 
Quebec (Canada) are particularly interested in 
this development, and there are also plans to 
use it as a second measurement technique for 
group fl ows. 

Penelop2 has generated new fi nancing 
opportunities in connection with other 
programs, including the French government’s 
economic stimulus package (Investissements 
d’Avenir), French energy agency ADEME, and 
the Single Interministerial Fund bootstrapping 
component.

1515
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R&D EQUIPMENT 
FOR INTERNATIONAL 
LABORATORIES

In a market dominated by Asian 
manufacturers, reducing cost 
is a necessary condition for 
a truly global PV industry to 
emerge. And for PV to be a cost-
competitive source of energy, 
CapEx and production-related 
expenses must also be slashed. 
To further complicate matters, 
CIGS yields need to be equivalent 
to those of polycrystalline 
silicon to remain credible.   
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PRO-CIGS

Thin-layer technology off ers many advantages. 
First, it provides high conversion effi  ciencies, 
exceeding 21% in the case of CIGS. It can also be 
used to manufacture innovative (fl exible, semi-
transparent) PV products and is ideal in markets 
like building-integrated photovoltaics (BiPV), 
with high integration requirements.

CIGS (copper, indium, gallium, selenide) 
produces extremely high quality thin-layer 
photovoltaic cells. However, the machines 
used to manufacture such cells need to off er 
substantial enough productivity gains to make 
thin-layer technology profi table. Production 
also has to meet certain quality criteria, 
including eliminating the risk of contamination.

QUICK FACTS

OBJECTIVE

Develop turnkey manufacturing 
equipment for CIGS-based 
photovoltaic cells. 

PARTNERS

Alliance Concept, 
Annealsys, 
and CEA Liten.

FINANCING

The French Single Interministerial 
Fund and the Rhône-Alpes 
Regional Council.

17
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The Pro-CIGS project aimed to 
develop a turnkey machine 
for producing solar cells using 
thin-layer technology on both 
rigid and flexible substrates. 

PRO-CIGS

RESULTS
An Alliance Concept-Annealsys equipment 
prototype has been up and running at CEA 
Liten since spring 2014. Six months after start-up, 
the CEA was able to use the equipment to test 
diff erent fi lm depositions and substrates, fi rst 
rigid, and then fl exible.

The manufacturing process developed marks 
a major breakthrough compared to existing 
market solutions. It consists of an integrated 
machine taking up very little fl oor space, 
organized in four chambers around a robot. A 
diff erent task is performed in each chamber in 
succession: spray-deposition of metal (back-
side electrode and CIG metallic precursors); 
evaporation of the selenium; annealing to create 
the CIGS alloy; and, fi nally, the deposition of the 
optical layers.

A reproducible yield of 12.5% has been achieved 
on 15 x 15 cm² cells, and performance is expected 
to improve rapidly in the medium term given the 
progress already made after just six months of 
development. 

Pro-CIGS has already resulted in the design of 
equipment for R&D laboratories. A list of these 
labs has been established jointly by the CEA and 
Alliance Concept. The project has also resulted in 
the creation of drawings for an industrial-grade 
machine.

GROWTH
To market the equipment, Alliance Concept 
and Annealsys are relying on their presence at 
trade fairs and conferences specializing in this 
technology. Alliance Concept also has a sales 
rep in China. Potential customers are located 
primarily in Europe and Asia but there are also 
prospects in the United States, and a sales 
brochure has been created for the needs of the 
US market. The R&D market has been clearly 
identifi ed by Alliance Concept, which is mainly 
planning to target laboratories.

Continued development on a beta version 
will depend primarily on how the CIGS market 
evolves over the next few years.    

18



OUTLOOK
A partnership has been set up between 
Alliance Concept, CEA Liten, and Crosslux, 
a manufacturer of semi-transparent PV 
glass for the construction industry. Under 
a new joint project (SoSmartE, a Tenerrdis-
certifi ed project), Alliance Concept will 
design equipment for the production of 
BiPV modules (used in construction) on large 
surfaces. The new project has a particularly 
broad target market and will draw largely on 
the know-how acquired through Pro-CIGS.

The prototype developed as part of the 
Pro-CIGS project has opened up new 
opportunities for CEA Liten, including the 
possibility to use the equipment in EU 
research projects.

The equipment’s modular design will allow 
the CEA to adapt it to other thin-layer 
technologies as it sees fi t. Several publications 
are forthcoming, including on the dry 
deposition of a cadmium-free zinc-based 
buff er layer.

1919
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AN EXTREMELY 
SAFE ACCUMULATOR 
FOR EMERGING 
HIGH-GROWTH 
MARKETS 

Dwindling fossil-based energy 
sources and the drive to boost 
the proportion of renewables 
in the energy mix have placed 
electricity storage at the 
forefront of the energy transition. 
Producing large quantities of 
green energy is one thing. Being 
able to use green energy—by 
nature intermittent—is another. 
And storage is the answer.    
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PROCYiON2

The PROCYiON2 project set out to develop a 
lithium-ion accumulator—a key component 
in battery systems—capable of  enhancing 
existing energy storage technologies. In 
particular, the project addressed industries that 
require high energy densities, reliability, uptime, 
and safety. Mass transit applications like trains, 
tramways, and electric buses, for example, 
present particularly high power demand during 

acceleration and braking. The project also 
addressed stationary storage for grid backup 
purposes.

Finally, the project contributed to very-high-
purity carbon nanotube production to position 
project partner Arkema on new-generation 
high-capacity battery markets.

QUICK FACTS

OBJECTIVE

Design and develop lithium-ion 
accumulators for safe, reliable, 
high-uptime mass-transit and 
aircraft battery systems.

PARTNERS

Prollion (lead), 
Arkema, 
Prayon, 
Recupyl, 
CEA-Liten.

FINANCING

The French Single 
Interministerial Fund, the Isère 
General Council, the Greater

Grenoble Intermunicipal 
Authority (la Métro), 
and the City of Grenoble.
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The PROCYiON² project developed 
the know-how required for the pilot 
manufacture of a medium-energy 
LFPG lithium-ion accumulator.

PROCYiON2

RESULTS
The PROCYiON² project consortium covered the 
entire battery system manufacturing value chain: 

 ● Arkema and Prayon for electrode component 
manufacturing 

 ● Prollion, a spinoff  of the CEA and France-
based Alcen founded in 2009 to develop and 
manufacture Li-ion accumulators, modules, 
and battery systems; CEA Investissement and  
Alcen each hold a 50% stake in the company

 ● Recupyl, a battery component and system 
recycling specialist ,

 ● Research lab CEA-Liten for technology 
development and lifecycle analysis of the 
future products to be commercialized as a 
result of this project 

The accumulators’ particularly stable electro-
chemical performance—measured in extreme 
conditions—will substantially improve the safety 
of battery systems. The IEC-61508-compliant, 
proprietary system architecture will be especially 
attractive to the markets Prollion hopes to 
penetrate: automotive and aircraft.

The 50-125 medium-energy LFPG lithium-ion 
accumulator, off ering a capacity of 16.6 amp-hours, 

was manufactured using processes validated 
during start-up of the CEA pilot manufacturing 
line. The project enabled Prollion to take its know-
how to the next level, most notably through 
several new hires that brought new technical and 
manufacturing expertise to the team.

PROCYiON² established a fundamental techno-
logy brick that fueled innovation across the entire 
manufacturing chain. The next steps will be to 
improve design-to-cost processes and process 
repeatability. 

GROWTH
Prollion reported revenue growth in excess of 
60% in 2014 and hired several new employees. 
The company plans to further expand its 
technical team in 2015 and is targeting markets 
worldwide. The results of this project positioned 
the company on the entire value chain, for 
enhanced security that will constitute a decisive 
advantage over Asian competitors.

The process developed under the PROCYiON2 

project is currently being readied for industrial-
scale rollout. An initial accumulator pack was 
delivered to a customer in December 2014; a 
second was delivered in May 2015. The next pack 
is slated for delivery in October 2015, for a total 
volume of just over a thousand accumulators.

The project gave Arkema and Prayon an 
opportunity to assess their materials and 
dialogue on various technical issues, including 
some outside the scope of this project that 
could result in a new joint manufacturing 
project. CEA-Liten and Recupyl acquired 
substantial new technological know-how. 
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OUTLOOK
The strategic choices made over the course 
of the project positioned Prollion at the 
forefront of the global energy storage market. 
The company is already at work on a new 
product, this one with a capacity in excess of 
20 amp-hours.

Prollion has also embarked on a new R&D 
project, Elex-C, also backed by the French 
Single Interministerial Fund. This new project, 
in conjunction with Volvo, aims to develop an 
electric-powered excavator. The results of the 
PROCYiON2 and Elex-C  projects will enable 
Prollion to deliver small electric vehicles 
leveraging LFP technology and the company’s 
50-125 medium-energy accumulators by the 
end of 2015.

Prollion is also pursuing its own R&D and 
industrial readiness projects. Most notably, 
the company launched an in-house R&D 
program in 2014 that was directly related to 
the PROCYiON2 project. This new program 
is expected to result in designs for very large, 
extremely safe batteries and accumulators 
using LFP technology. 
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Scan the QR code to 
learn more about smart 

grids and storage 
R&D at Tenerrdis

Prollion is examining 
the feasibility of 

building a new plant, 
slated to go online in 
2018. The company 

projects annual 
revenue of  

€16 million
by 2018.
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TENERRDIS-CERTIFIED PROJECTS GET CONCRETE RESULTS

MOVING TOWARD THE ENERGY 
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