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ENERGY Axis
Tackling energy transition challenges 

from microsystems to microgrids
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marise@laas.fr

mailto:marise@laas.fr


16/08/2018 216/08/2018 2LAAS-CNRS
/ Laboratoire d’analyse et d’architecture des systèmes du CNRS 2

Context

>Climate change is a worldwide and pressing  
issue
§ Reduction of our CO2 footprint
§ Reduction of  our energy consumption
§ Massive introduction of renewable energies

>Occitanie Region:
§ Become the 1st Positive-energy Region in 

France by 2050 Horizon
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Motivation & Objectives

>Tackling energy transition challenges from
microsystems to microgrids
§ Internet of Things (IoT): energy autonomy issue
§ Smart microgrid management and renewable

energies: towards zero-CO2
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Objectives & challenges

§ Internet of Things (IoT): energy autonomy issue
• Drastic energy consumption reduction
• Improvement of energy efficiency
• Energy harvesting

§ Smart microgrid management and renewable
energies: towards zero-CO2

• Energy consumption reduction
• Minimization of conversion losses
• Intermittency management
• Demand-side management
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Long-term vision: Zero CO2 Workday 

Short term

Energy autonomy of 
ADREAM building

Middle term

Energy autonomy
Building-mobility coupling

LAAS Energy Autonomy

Long term

100% Renewable-energies (RE) Workday
Smart management of 100%-RE, secure and resilient microgrid

Today, LAAS energy consumption ≈ 6 GWh/yr

82% related to the clean room
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Key ICT Building Blocks
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Long-term vision: Zero CO2 Workday 
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Advanced control strategies & 
architectures  for energy 

conversion

Adaptive and hybrid 
dynamical modeling

Efficient hybrid 
decision algorithms

Design & optimization 
of hybrid microgrid

Predictive renewable source 
& storage modeling

Smart building microgrid management 
based on M2M platform 

Autonomic cloud computing
Dynamic protection against attacks

Monitoring & diagnostic
Energy efficient 

devices
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Amélioration de l’efficacité énergétique 
Du'matériau'au'composant'

Du'silicium'au'GaN%%
'
'
'
'

Et'à'plus'long'terme,'au'diamant%

HEMT'GaN'normallyQoff'
Nouveaux'concepts'de'composants'

Vers'la'commande'op<que'intégrée'

Du'CMOS'Si'planar'au'
'
'
'
'
'

CMOS'à'base'de'nanofils'GaAs'

Thermoélectricité'(TE)'
Nouveaux'concepts'de'composants'

Intégration pour la cogénération photovoltaïque/thermoélectrique 
(Projet porté par Inès Massiot) 

12 

PV 

TE 

Contact multifonctionnel : 
• Filtre sélectif de photons 

• Concentrateur thermique 

• Contact électrique 

Intégration de nouveaux matériaux TE 
haut rendement 

Cellule solaire ultrafine (cSi, III-V) 

Implications au LAAS : 
• Modélisation nanophotonique (Équipe PHOTO : A. Monmayrant / O. Gauthier-Lafaye) 

• Matériaux PV (III-V : PHOTO, G. Almuneau, C. Fontaine / Si : fournisseur externe)  

• Matériaux TE à base de nanofils (Équipe MPN : S. Plissart) 

• Matériaux TE conventionnels (Équipe MINC : A. Takacs) 

• Modélisation thermique systèmes complexes (Équipe ESE : M. Bafleur, J.M. Dilhac) 

CoQgénéra<on'PV/TE'

PV!mul7jonc7ons!

µQstockage'et'récupéra<on'd’énergie'

Vers'un'couplage'PV'et/ou'TE'

  

Laboratoire conventionné  
avec l’Université Fédérale  

Toulouse Midi-Pyrénées 
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Energy Harvesting and 
Wireless Power Transmission  

Microwaves and Optics: from Electromagnetism to Systems Department 

Challenges and research priorities: 
 
• Harvesting the spill-over losses of RF and microwave antenna located 
on the satellite panels in order to power autonomous wireless sensors 
for structure health monitoring 
 

• Ultra-compact, high-efficiency and multi-band rectennas 
 
• exploring new materials and technology for rectenna’s manufacturing 
(e.g. flexible substrate) 

Contact : Asoc. Prof. Alexandru Takacs atakacs@laas.fr 
Research team: Alexandru Takacs, Hervé Aubert, Daniela Dragomirescu, Abderrahim Okba 
                                                       

RF & Microwave Energy Harvesting for Space Application 

Automatized experimental setup for microwave 
rectenna characterization 

Top view 

Bottom view 

Compact multiband rectenna for 
Ku/K band application 

η = 40%  η = 12%  
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Past & ongoing research grants & 
cooperation : 

 
• R&T grants funded by French Space Agency (CNES) 
• Thales Alenia Space  
• IC 1301 COST WiPE  
 
 

Wireless Power Transmission 

Near Field (inductive) Far Field (radiative) 

Coupled coils: misalignement case (dz=1 mm) 
Measurement (continuous line) with 3Ω load (diamond marker) or with 10MΩ load (triangle marker)  
Simulation (FEKO, dotted line) with 3Ω load (square marker) or with 10MΩ load (circular marker) 
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Challenges and research priorities: 
 
• accurate modelling and simulation for inductive antennas/coils  
 

• design optimal inductive antennas/coils for near field charging 
platform 
 

• exploring new materials and technology for antennas/coils 
manufacturing (e.g. flexible substrate) 
 
 
 
 
 

Past & ongoing research grants & cooperation : 
 
• R&T grants funded by Continental Automotive  
• IC 1301 COST WiPE  
 
 

Challenges and research priorities: 
 
• powering active tags for identification and localization applications 
 

• design of compact and low profile energy harvester modules with 
optimal efficiency for very low values of the RF power density 
 

• exploring new materials and technology for rectenna’s manufacturing 
(e.g. flexible substrate) 
 

• coupling WPT techniques with UWB or radar techniques 
 
 
 
 
 
 
 

Past & ongoing research grants & cooperation : 
 
• R&T grants funded by Uwinlock 
• IC 1301 COST WiPE  
 
 

Coil 0 

Coil 1 

Coil 2 
Coil 3 

 
compact low cost 2.45 GHz rectenna 
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K band kapton (flexible) rectenna Micro-nanotechnologies
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Main figures

>Research staff (equivalent full-time): 66
§ Permanent researchers: 24
§ Engineers/technicians: 8
§ Ph.D./Post Doc: 34

>Platforms
§ Energy building
§ RENATECH clean room
§ Characterization platform

Visits
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Research topics (1/2)

>Energy efficient devices
§ Advanced power devices
§ III-V nanowire-based technologies:

• Ultra low-power CMOS
• Thermogenerator

§ High-efficiency III-V solar cells
§ RF Energy harvesting & wireless power transfer
§ Microsupercapacitors

>Challenges
§ Efficiency improvement
§ Miniaturization
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Research topics (2/2)

> Smart energy management
§ Advanced control strategies & architectures  for energy conversion

• Wide band-gap power devices
• Adaptive and hybrid dynamical modeling

§ Design & optimization of hybrid microgrid
• Hybrid electrical microgrid based on modular and distributed approaches
• Combinatorial optimization methods
• Dynamic thermal modeling of buildings

§ Smart building microgrid management based on M2M platform
• Large-scale software architecture with energy constraints
• Data management and usage
• Global monitoring and diagnosis 
• Cybersecurity

> Challenges: energy efficiency, scalability & modularity
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Microsupercapacitors

>Integrated microstorage for IoT applications
>Strength:

§ Leader in the field: C up to 3.25 F/cm2

§ Technology platform
§ Nanostructuration technologies
§ Strong international cooperations
§ ERC grant: 3D CAP project

Thin Films
P. Huang et al., J. Power 
Sources 225 (2013) 240.

Electrophoretic Deposition
P. Huang et al., Electrochem. 

Commun. 36 (2013) 53.

D. Pech et al., J. Power 
Sources 230 (2013) 230.

Electrolytic Deposition (RuO2)Inkjet Printing
D. Pech et al., J. Power 

Sources 195(2010) 1266.

Screen Printing
H. Durou et al., Microsys. 

Technol. 18(2012) 467.

Technologies investigated
at LAAS-CNRS
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III-V Nanowire-based Technologies

>From material science of 1D nanostructures to 
processing, integration, and characterization
of related devices

>Strength:
§ Technology platform
§ Mastering of nanowire growth/structuration

• Bottom-up growth by molecular beam epitaxy
• Top-down approach: e-beam lithography

and reactive ion etching
§ Si-nanowire CMOS*: Ion/Ioff > 105

 82 
 

 

* G. Larrieu et X.-L. Han, Nanoscale, 2013, 5, 2437-2441.
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Advanced Power Devices

>Research activity since LAAS creation in 1968

>Strengths:
§ Technology platform

§ Pioneer for new power device concepts
• Functional power integration (1995)

• FLYMOS (2004)

• Multi phase converter with adaptive control                  
for PV systems (2010)

• Normally-off GaN power HEMT (2014)

§ Strong industrial partnership

Gate 

Drain 

Source 

Joint demo
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Hybrid control for power converters

>Increase power converter efficiency and 
system lifespan

>Strengths:
§ Control theory and modeling
§ Hybrid dynamical systems approach
§ From theory to application
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Hybrid electrical microgrid

> Hybrid AC/DC microgrid based on modular and 
distributed approaches to improve efficiency of 
renewable energies in a building

> Strengths:
> Energy building platform
> Strong expertise in modular and adaptive converters
> Linear and non-linear control laws
> Pluridisciplinarity
> Strong industrial partnership

Demo in energy building
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Combinatorial optimization methods

>Smart energy management of a microgrid
based on renewable energies

>Strengths:
§ Strong expertise in scheduling and optimization

methods: ROSETTA/Philae project
§ Original approach based on piecewise linear

bounding of non-linear energy transfer/efficiency 
functions : 3rd 2018 ROADEF Award 
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Partners
Industry University
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Towards 100% renewable energies

“When we are dreaming alone it is
only a dream. When we are 

dreaming with others, it is the 
beginning of reality.”

Hélder Câmara


