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Laboratoire d’analyse et d’architecture des systèmes du CNRS

Sudoe

•  Context	&	Motivations	
•  SYNERGY	Research	Platform	
•  Research	activities	

– Smart	reconfigurable	PV	energy	management	
– Predictive	dynamic	thermal	simulation	of	a	
building	

– DC	microgrid	management:	OPA	project	

•  Conclusion	
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• Horizon	2020:	
• 20%	greenhouse	gas	reduction,		
• 20%	energy	efficiency	improvement,	
• 20%	increase	of	renewable	energies.		

• Horizon	2030:	
• 40%	greenhouse	gas	reduction,	
• 30%	energy	efficiency	improvement,	
• 27%	increase	of	renewable	energies.	

Sudoe

Internet	of	Energy:	merging	Internet	and	Energy	grid	networks	
•	Bi-directional	communication	of	data	and	energy		
•	Real-time	balance	between	generation,	storage	and	demand		
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Renewable	
Energies	

Buildings	as	
Micro-power	

Plants	

Storage	
Technologies	

Electric	Vehicles	 Internet	of	
Energy	

Third	Industrial	Revolution	

Energy	Efficiency	mW	 MW	

Sudoe

State-Region	Contract	Project	2007-2013	
Funding:	7.2	M€	(Building:	5.2M€,	Equipment:	2	M€)	

Ambiant	Intelligence,	Internet	of	Things,	Autonomy		
	

§  Open	&	Pervasive	Embedded	Systems	
§  Human	&	Robot	Interactions		
§  Resilience	
§  Security	&	Privacy	
§  Optimization	
§  Smart	Grids		
§  Energy	Conversion	&	Management	
	Cyber-Physical	Systems:	
§  Investigate	&	Propose	Theories,	

Methods	&	Tools	for	Architecting,	
Experimenting	&	Assessing		

§  Exploit	&	Develop	Synergies	&	
Interdiciplinary	Studies		

*Architectures	Dynamiques	Reconfigurables	de	systèmes	Embarqués	Autonomes	Mobiles	
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•  100kWp	photovoltaics	
•  Geothermics:	

•  Canadian	well	
•  Vertical	Geothermics	
•  Heat	pumps	(3)	

•  Storage:	
•  Lead	Batteries	(59kWh)	
•  Li-ion	Batteries	(56kWh)	
•  Supercapacitors	(286Wh)	

•  Three	supervision	systems:	
•  Lighting,	Ambient	Temperature	

Control,	Energy	production/
consumption	

Characterization	platform	
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•  Heating,	Ventilation,	Air	Conditioning	
–  650	points	of	measurement	and	regulation	

•  Lighting:	3700	measurement	points	
– Movement	detection	and	illumination	sensors	
–  Power	adjusted	according	to	ambient	light	level	
–  Setting	of	time	slots	/	operation	by	zone	

•  Electricity:	500	data	collected	
– Detailed	power	consumption	(zone,	usage…)	
–  Energy	production	(photovoltaic,	geothermics)	
–  Correlation	to	environmental/ambient	measurement	

9	

Sudoe
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Objectives:	
Providing	key	original	building	blocks	and	a	

global	approach	for	smart	energy	management	
–	from	microsystems	to	smart	grid	

	
	

Three	main	topics:	
•  Efficient	energy	generation	and	processing	
•  Integration	of	renewable	energies	
•  Smart	energy	management	

–  Internet	of	energy	

Components	
&	Systems	

Advanced	
Modeling	

Sudoe

•  Research	activities	
– Smart	reconfigurable	PV	energy	management	
– Predictive	dynamic	thermal	simulation	of	a	
building	

– DC	microgrid	management:	OPA	project	
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13	Contact:	Corinne	Alonso	

Chiffre	sunpower	vitesse	de	l’ombre	en	fonction	de	la	taille	

Gain	power	electronics	in	a	PV	installation	(NREL	LAB)	

Type of mismatch Losses Gain DC-DC 
Shadow residential roof, 
one-string 

5-15% +15-20% of the losses 

Shadow residential roof, 
multi-string 

5-20% +20-30% of the losses 

Commercial system  1-5% + 30-40% of the losses 

Orientation mismatch 5-20% +100% of the losses 

Iopt mismatch 0.2-1% +100% of the losses 
Soiling 1.5-6.2% +15-40% of the losses 

LAAS-	TOTAL	SA	Collaboration	
PhD	of	Youssef	EL	BASRI	

Sudoe

14	

Photovoltaic	system	under	shading	
condition	

0
5

10
15
20
25

0

2

4

09:36 12:00 14:24 16:48
6

8

10

P
ow

er
	[W

]
Io
pt
	[A

]
V
op

t	[
V
]

T ime

Uniform	
shading	

Shadow	

Chimney	

Speed	of	
shadow	
30	cm/h	

6	PV	Modules	
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Mitigating	the	detrimental	effects	of	partial	shading	
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Contact:	Corinne	Alonso	

Type	of	architecture Energy Gain	(%) 

Without	Bypass 374Wh 

With	Bypass 468Wh 
10.4% 

Distributed 507Wh 

Sudoe

•  Research	activities	
– Smart	reconfigurable	PV	energy	management	
– Predictive	dynamic	thermal	simulation	of	a	
building	

– DC	microgrid	management:	OPA	project	
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•  43%	primary	energy	consumption	
•  4/5	for	thermal	purposes	(heating,	cooling,	
sanitary	water,	cooking)	

•  Very	slow	evolutions:	each	year	total	of	new	
buildings	represents	1%	of	existing	ones	and	
demolitions	0,1%	

•  Ambitious	political	actions	needed	to	speed	
up	this	evolution	

Sudoe

Objectives:	optimization	of	the	power	consumption	of	the	
building	for	better	energy	efficiency	

	
	

•  Development	of	accurate	and	compact	models	
–  Model	reduction	
–  Identification	of	relevant	input	and	output	data	for	each	model	
–  Calibration	of	models	against	measured	data	
–  Prediction	of	electric	power	consumption	of	systems	
–  Improvement	of	thermal	regulation	according	to	real-time	
electricity	production	

PRODUCTION	

• Photovoltaics	
• Geothermics	

	

CONSUMPTION	
• HVAC	

• Electronic	
equipment	
• Lighting	

	

Contact:	Bruno	Estibals	
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3D	Model	of	ADREAM	building	

Consumption	
Source	

Real	
Consumptions	
[MWh/an]	

Simulated	
Consumptions	
[MWh/an]	

Relative	
Error	[%]	

Heat	Pump	1	 9,03	
35,41	 36,49	 3,05	Heat	Pump	2	 16,71	

Heat	Pump	3	 9,67	
Air	 Handling	
Unit	 17,79	 17,55	 1,35	

Distribution	
Pumps	 69,64	 63,63	 8,63	

E l e c t r o n i c	
Equipment	 65,77	 63,43	 3,56	

Lighting	 12,03	 11,89	 1,16	
TOTAL	 200,64	 192,88	 3,82	

Power	consumption:	measured	vs	simulated	

Drastically	reduce	
power	consumption	

by	at	least	20%	

Objective	

Sudoe

20	

Simulation	of	the	heat	pump	and	control	with	Simulink	
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Sudoe

•  Research	activities	
– Smart	reconfigurable	PV	energy	management	
– Predictive	dynamic	thermal	simulation	of	a	
building	

– DC	microgrid	management:	OPA	project	
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•  Most	of	renewable	energies	(PV,	fuel	cell,	wind	
turbine)	provide	DC	power	

•  Many	electronic	equipment	(computers,	LED	lighting,	
smart	phones,	EV)	operate	under	DC	power	supply	

•  Easier	control	compared	to	AC:	only	voltage	
•  Connection	of	AC	grids	with	different	frequencies	
•  Reduced	losses	over	long-distance	
•  Higher	efficiency	than	AC	microgrid	
•  Higher	reliability	
•  Space	and	cost	savings	

DC Distribution Microgrids 

16-May-16 Industrial/PhD Microgrids Course,  Aalborg University 4 

± 500 kV HVDC Transmission Line  

Asia HVDC lines transfer power from rural areas to urban centers Europe HVDC projects with 
submarine cables  

Source: ABB 

Sudoe

*	Fortenbery,	Brian,	Ecos	Consulting	EPRI,	and	William	Tschudi.	DC	power	for	improved	data	center	efficiency.	(2008)	
**	Affolter,	J.	F.,	B.	Chappuis,	and	L.	Rigazzi.	Réseaux	de	distribution	basse	tension	en	courant	continu.	Bulletin	SEV/
VSE	(2014):	39-44.	

•  In	California,	~	7.1	TWh/year*	are	consumed	by	UPS	(Uninterruptible	
Power	Supply)	that	operate	two	conversions	:	AC/DC	and	DC/AC.	

	
•  DC	microgrid:	7	to	28	%**expected	power	consumption	reduction	

AC	grid	

Server	
Transformer*

Transformer*

UPS	or	rectifier	

Rack%power%supply%
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M2M	gateway	
KN
X	

SYNERGY	 ADREAM	

Réseau	BT	
Courant	
	continu	

Sensors/	actuators	

Robots	

Mini	data	center	

Building	

PV	Production	

Storage	Energy	

Intelligent	Control		

Open	interface	

OPA	-	Open	Platform	for	ADREAM	building	

Contact:	Thierry	Monteil	

Sudoe

	
AC	grid	
		

AC		
Loads	

5V	-	12V	
DC		

Loads	

48	-	60V	
Data	center	



19/07/18	

14	

Sudoe

Datalogger and sensors 
à DC grid Monitoring 

Design and realization of DC/DC 
converters not commercially available 

Hardware deployment:  
batteries, supercapacitors, 

DC grid  

Energy source:  
4 PV panels (1kWp) 

Sudoe

DC 
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Cluster(s) 

Real-time	control	of	
energy	sources	

AC 

DC 

Planification (P) 

OPA project

4 / 13

Computing		
task	request	

Real-time	control	of	
servers	

DC 

DC 

PV	Predictions	

Energy	demand	
scheduling	over	
different	sources	

Global	task	
scheduling	of	servers	

Sudoe

Global Strategy for Intermittency Management 
Optimized management of 

mixed storage 

Imax	batterie	

Criteria	:	
•  Annual	cost	of	stored	energy	(LCE)	in	€/kWh	
•  Ageing	of	storage	elements	
•  Reliability	of	management	system	(LSPS)	in	%	
•  …	
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OPA project

[stage de Paulin Couzon, aout 2016 & PEPS ISEO 2016 (axis 1)]

6 / 13

Task	allocation	and	scheduling	 Energy	production	and	consumption	

AC#grid#
Ba*ery#charging#state#
PV#produc7on#
Server#consump7on#

Sudoe
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•  https://syndream.laas.fr/	

Sudoe
•  https://syndream.laas.fr/	
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0	

Building	consumption	
PV	Production	
Main	grid	consumption	

To	full	energy	autonomy	with	storage	&	smart	energy	management	

~	45%	of	energy	consumption	in	average	(without	storage)			

From	optimized	energy	consumption		

Year	2014		

Sudoe

“When	we	are	dreaming	alone,	it	is	only	a	dream.	When	we	are	dreaming	with	
others,	it	is	the	beginning	of	reality.”		Dom	Helder	Camara	
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www.negawatt.org!

La! production!d’électricité! d’origine! renouvelable,! incluant! une! contribution!modeste!des! énergies!
marines,! atteint! au! total! 347!TWh! en! 2050.! Elle! représente! ainsi! plus! de! 30!%! des! besoins! en!
énergie!primaire.!

Enfin,!d’autres!sources!renouvelables!peuvent!être!mobilisées.!La!géothermie,!progresse!fortement!
essentiellement!pour!la!production!de!chaleur!avec!66!TWh!en!2050!contre!6!TWh!aujourd’hui.!!

L’incinération!des!ordures!ménagères!qui!présente!un!mauvais!rendement!et!pose!des!problèmes!de!
pollution!locale!voit!au!contraire!sa!contribution!se!réduire!de!13!à!6!TWh!du!fait!de!la!progression!
du!tri!à!la!source!et!de!la!valorisation!matière!des!déchets,.!!

Le! solaire! thermique,! quasi! inexistant! aujourd’hui,! est! également! fortement! mobilisé!:! avec! plus!
de!120!millions!de!m2!de!capteurs!sur!les!bâtiments!résidentiels,!tertiaires!et!industriels,! il!fournit!à!
terme!43!TWh!de!chaleur!primaire.!

Au! final,!un!développement! réaliste!des!énergies! renouvelables! conduit,! en!2050,!à!une! ressource!
disponible! sur! le! territoire! de! plus! de! 990!TWh! sur! un! total! de! 1!100!TWh! de! besoins! en! énergie!
primaire.! Ainsi,! la! société! française! du! scénario! négaWatt,! avec! 90!%! d’énergies! renouvelables,! a!
réussi!en!2050!sa!transition!énergétique.!

! "Développement"des"différentes"filières"renouvelables"
dans"le"scénario"négaWatt"(en!TWh)"
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100%	of	renewable	energies	by	2050!	
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