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Outline:

From an observatory approach to modeling and optimization paradigms for a
socio-technical approach for Energy Transition

* The Need of Energy Transition for Climate
* Building and district as key-pillars for an energy transition toward sustainability

* From a model based approach for optimization
 at building level
e At district scale

* But the necessity of humans in the loop
* Why the necessity of humans in the loop
* From a living lab approach to a real field approach

* From Social sciences and engineering sciences to models and tools
* Quantitative models
e (Qualitative models

* To a data driven approach with the human in the loop
* An experiment with humans in the loop

* We need the data: the need of an observatory approach



The Need of an Energy
Transition for Climate
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GLOBAL IMPACT AND IMPORTANCE OF
ENERGY FOR ENVIRONMENTAL TRANSITION

m Energy consumption of human activities account for more than 70% of
GHG emissions worldwide
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OurWorldinData.org - Research and data to make progress against the world’s largest problems.
Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020).



The need for an energy transition

for the climate
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Need to reverse the trend !

Ressources renouvelables (chiffres annuels)

Valeurs ramenées a la consommation annuelle d’énergie primaire de I'humanité
E, = 12 Gtep (référence)

—
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8 P 1. basse atmosphére :
/\_/> 3000 Eh
/\/> Cycles hydrologiques

(eau, vent, houle)

ré-émis dans 45% : 5400 E, Prélévemept
I'espace transformés en chaleur basse photosynthese
température puis rayonnés =7 Eh
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Building and district as key-
pillars for an energy transition
toward sustainability

Besides the climate
Focus on the socio-technical energy system |




Buildings are the first consumers

energy — In France (mild climate) A

Université
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& Buildings: main consumer of energy
The importance of energy in buildings in France Source: http:/www.industrie.gouv.fr
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https://www.statistiques.developpement-durable.gouv.fr/sites/default/files/2018-10/ref-bilan-energie-2014-juillet2015-b.pdf
https://www.statistiques.developpement-durable.gouv.fr/sites/default/files/2018-10/ref-bilan-energie-2014-juillet2015-b.pdf

Buildings are the first consumers of

energy — In Brazil (tropical climate) UGAl )
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& Buildings: main consumer of energy

- Increase of HVAC



Buildings could be one of greatest producer

of renewable energy

Université

Allemagne Allemagne Suisse France RoyaumeAllemagne Autriche Pays-Bas France Belgique Grénoble Alpes
Label Energie  Label  Réglement Label BBC

-Uni  Réglement Réglement Réglement Réglement Réglem,
Plus Passiv Haus 2005  Réglement | l chauffage gaz Wallonrﬁ

A building can get,
over a year,

more renewable
energy that

it needs

Consumption
in kwh/year/m?

Production
d'énergie )
voltaique : 28

Buildings can help to:
- Harvest
- Store
- Manage

renewable energy

:> Building can produce more energy than they
need (in average over 1 year)

* 11



District as key-pillars for an energy

transition toward sustainability

& Cities dominate the global energy demand...
® Urban areas accounted for about 64% of the global primary energy use [IEA]

& ... but they can also be the next place for energy production
® Decentralised renewable energies
® Energy recovery potential

—— Electricit
y

Heat

Gas Picture: Sandro Bésch/ETH Ziirich

8 New challenges & solutions for the new energy sources
® Intermittence: flexibility, multi-carrier energy systems, storage
@ Distributed: well designed and operated energy networks
® New actors: prosumers, local authorities, energy communities

- Complex system with the need of a new socio-technical
approach

[IEA]: https://www.iea.org/news/cities-are-at-the-frontline-of-the-

energy-transition

«12
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THE ISSUE OF WASTE ENERGY AT DISTRICT LEVEL

m Waste heat: heat generated in a process which is not its first end and
that is not used by the process.

Useful energy for
the process

energy

consumption Definitively lost heat _
@ Recoverable
waste heat

waste \
Waste recovered
heat heat externally

1 1 O TWh/an'

waste heat used
internally

De la consommation de chaleur
francaise tous secteurs confondus?

waste heat avoided ) 045/1:56 - = e g i

La chaleur

fatale

https://ecosesa.univ-grenoble-alpes.fr/training-and-
dissemination/videos/valorisation-chaleur-fatale-waste-heat-
valorization

Source: La chaleur fatale, Ademe, 2017
https://www.ademe.fr/chaleur-fatale =~ W&
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https://ecosesa.univ-grenoble-alpes.fr/training-and-dissemination/videos/valorisation-chaleur-fatale-waste-heat-valorization
https://ecosesa.univ-grenoble-alpes.fr/training-and-dissemination/videos/valorisation-chaleur-fatale-waste-heat-valorization
https://ecosesa.univ-grenoble-alpes.fr/training-and-dissemination/videos/valorisation-chaleur-fatale-waste-heat-valorization

m Between production and demand of energy

° 4147 %
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https://ecosesa.univ-grenoble-alpes.fr/training-and-

dissemination/videos/valorisation-chaleur-fatale-waste-
heat-valorization

BN Or

THE ISSUE OF FLEXIBILITY AT DISTRICT LEVEL
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‘Smart energies in districts
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RAPPORT DE SYNTHESE
Contribution a la stratégie nationale
de la recherche sur I’énergie (SNRE)

Quelles flexibilités pour le systéme électrique ?

S

LE POUVOIR DE
LINTELLIGENCE
COLLECTIVE

ﬂFUTURIS

FEVRIER / 2021
LES CAHIERS FUTURIS

https://www.anrt.asso.fr/fr/actualites/rapport-
de-synthese-snre-quelles-flexibilites-pour-le-
systeme-electrique-35382

B« EcCO-SESA
7 Univ. Grenoble Alpes
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https://ecosesa.univ-grenoble-alpes.fr/training-and-dissemination/videos/valorisation-chaleur-fatale-waste-heat-valorization
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From a model based approach
for optimization at Buildings
Level

- What is a smart-building ?
- “Smart Buildings” thanks to software using Physical models and optimization
-What issues and scientific problematics of SB in interaction with SG
- “Smart Buildings” thanks to software using
optimisation algorithms
- Model Predictive Control with open source approaches
- From experimental platform to
prototype and industrial projects



What is a smart-building ? S2€u
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“Smart Buildings” thanks to software using
physical models and optimization '
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http://www.vesta-system.fr/fr/produits/vestaenergy/vesta-energy.html
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What issues and scientific problematics of Smart
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The scientific problematic

At the scale of the building: g
locally adaptation

« Demand side of production to needs
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“Smart Buildings” thanks to software using

optimisation algorithms and physical models

& Optimal operating of laptops power

supply,in order to maximize autonomy
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Hoang:Anh Dang, Benoit Delinchant, and Frederic Wurtz, “Toward autonomous photovoltaic building energy management: modeling and control

IBPSA 2013, Chambery, August 2013, http://www.ibpsa.org/proceedings/BS2013/p_2095.pdf



http://www.ibpsa.org/proceedings/BS2013/p_2095.pdf

“Smart Buildings” thanks to software using

optimisation algorithms ’
For anticipative management, demand Response, -i"r‘fé‘?b"* .
Load Matching

The approach used: Optimization

Formulation : Mixed Linear Programming
Objective function to minimize : f1x

Under constraints :

Ax<b
Agg:X = b
Ib <x<ub

With :

x are the variables (continue, binary or integers)
A, Agq are matrixes;
f, b, beq are vectors

But also : miLP, MINLP, SQP and dynamic approaches

Solved with :  Matlab
CPLEX (Ilog), GUROBI

"Optimal Household Energy Management and Economic Analysis: From Sizing To Operation Scheduling",T. T. HA PHAM, C. CLASTRES,
F. WURTZ, S. BACHA, and E. ZAMAI, publié dans Advances and Applications in Mechanical Engineering and Technology, Vol. 1, n° 1, pp. 35-68
https://halshs.archives-ouvertes.fr/halshs-00323581 « 20
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Smart Buildings thanks to software using

optimisation algorithms and physical models

Home (V2H)

Comptage de I'énergie solaire
consommée par utilisateur

Comptage de KWh

8 Anticipative demande side Management of Vehicule to

emergie bty Sceénario type pour une journée V2H
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= Modele du systeme de stockage

nte Pet
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=={ DY *- Breer

£ déterminés en fonction de la direction de flux de
puissance :

{:’P; 2 0 (recharge) =6, =17,

& lacorrelat»o etela

@ = électricis, chalsur..

P2 <0 (dicharge)me, =
.

Contraintes fonctionnelles

Transtormaiopn do is iauze
Verification de la p lsum:e chargaigscharge et Ealion PLME [amparad ar orar 1666
retat de ia chargs rasio

SOC™ £80C,(H=S0C™

- Charging of the battery with carbon
free energy during the day
- Use of the energy stored in the

inputs

=(50x24)+11=
= (24x24)=

= (178x24)+1=

continues variables
discretes variables

constraints

battery for shaving the peek demand
of the evening

+ « Gestion des flux multi-énergie pour les systemes V2H», A. Dargahi,
thése de I'Université de Grenoble, 26 Septembre 2014, hitps://tel.archives-ouvertes.fr/tel-01111994

* A. Dargahi, S. Ploix, A. Soroudi, F. Wurtz, (2014) "Optimal household energy management using V2H flexibilities", COMPEL: The
International Journal for Computation and Mathematics in Electrical and Electronic Engineering,

pErmss ¢ i ) ¢ phenss Bo=6,0Rm0k 15,020
Modéle de gestion des charges ménageéres
services ménagerstemporaires :
rechercherletemps de démarrage optimal
dans unintervalle souhaité parl'usager
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— gt
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ectvesid(wmh)> 0= ul)=mx{0 d) H
i i
1ETtRy | s
- Consommation optimale ou sence K est égale 3 i ] ]
E¥(kt)=d(kt)P()

\ | |

€-2) L) @O &) =2

Modsie de dsoalage d'un sernvios lsmporaire [Ha, 2007)
20

Temps

Modslisation

Vol. 33 Iss: 3, pp.777, DOI:10.1108/COMPEL-10-2012-0223
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Grenable Génie Electrique
, Grenoble Electrical Engineering

Building microgrid optimal control

* Complex modeling

= Events: occupants, vehicle ... 8%
. .y . . -7
= Nonlinearities (eg, ventilation) o 8
Combined : -
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- 2 .-ﬂ
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| LM | l' LM | -0
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| | | | Tmm
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Lighting Electric car Laptops HVAC
24h, 1440x1min opt time < 1min

(2016) Daniel Tenfen, Erlon C. Finardi, Benoit Delinchant, Fréderic Wurtz “Lithium-ion Battery Modelling for the Energy
22 / Management Problem of Microgrids”, IET Generation, Transmission & Distribution, Jan 2016, DOI: 10.1049/iet-gtd.2015.0423
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Model Predictive Control with open source approaches ’ @w
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https://omegalpes.readthedocs.io/ MPC on MILP Optimization vea
m OMEGAIpes modeling formalism min f (u,,5,,0) control Smart
r - > o mmemmmmm———] g
1 - - S ° °
st E=g(u,0,0) Building £U o
) i
[ Energy i Forecashng ------- measures I
| R |
inputs €---==- Exg. Var. (eg.
weather...)
o corbater Building scale conclusions :
IR ‘) ?  Direct flexibility can be implemented on Home
ashm Machine |l SNl _hot water Energy Management
= I;T:;r:stnlogth; But it rEQUierS g
2 Er Water heat — Electrical
consumption Water heat * Metering/control interoperable infrastructure
Water heater — Heat storage
el * knowledge and data for modeling and
forecasting
Hodencq, S.; Brugeron, M.; Fito, J.; Morriet, L.; Delinchant, B.; Wurtz, F. OMEGAIpes, Drawbacks :

an Open-Source Optimisation Model Generation Tool to Support Energy Stakeholders
at District Scale. Energies 2021, 14, 5928. https://doi.org/10.3390/en14185928

5/

* Lack of robstness (continual maintenance)

* Bad scalabililty (slow deployment)


https://doi.org/10.3390/en14185928
https://omegalpes.readthedocs.io/

From modelisation and optimization to

platforms, prototypes and industrial
projects
Modélisation & Optimisation software Prototype*

UNIVERSITE
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Modéles de gestion - Thermique

Chambre

Maintenance
-

Gestion
des
puissances

Compteur éle

Objectif : Maxin|

Xz

Canopea - Presentation Movie - Solar Decathlon 2012:
https://www.youtube.com/watch?v=p28tFxd9MZY

http://www.vesta-system.fr/fr/produits/vestaenergy/vesta-energy.html

Experimental Plat- fOrm Comercialized buildings

Project COMEPOS: Deployement of energy postive buildings
Smart Building Platform V1 in 7 in France

Grenoble A

Complete description: http://predis.grenoble-inp.fr/
. « Modélisation en vue de la simulation énergétique des batiments :
Application au prototypage virtuel et a la gestion optimale de PREDIS MHI», thése de
I'université de Grenoble, 04 Novembre 2013, http://tel.archives-ouvertes.fr/tel-00957613
. "Building Simulation of Energy Consumption and Ambient Temperature: Application to The

Motor / Speed drivi

+ Complete description Predis Platform« , HOANG-ANH DANG, S. GAALOUL, B. DELINCHANT, AND F. WURTZ i
" Aopleaton 80 protohypags i IBPSA 2013, http://www.ibpsa.org/proceedings/BS2013/p 2096.pdf

: lp;:;:',;zsﬁf‘;::;g?:ﬁ . https://www.researchgate.net/publication/339412260 Overview Of A Large Scale Monitoring Project Of Energy Positive House ° 24
s Complementarity Between Simulations And Measurements

IBPSA 2013 ,

<
1/29/2018



https://www.youtube.com/watch?v=p28tFxd9MZY
http://www.comepos.fr/
http://www.vesta-system.fr/fr/produits/vestaenergy/vesta-energy.html
http://predis.grenoble-inp.fr/
http://tel.archives-ouvertes.fr/tel-00957613
http://www.ibpsa.org/proceedings/BS2013/p_2096.pdf
https://www.researchgate.net/publication/339412260_Overview_Of_A_Large_Scale_Monitoring_Project_Of_Energy_Positive_Houses_Complementarity_Between_Simulations_And_Measurements
https://www.researchgate.net/publication/339412260_Overview_Of_A_Large_Scale_Monitoring_Project_Of_Energy_Positive_Houses_Complementarity_Between_Simulations_And_Measurements

From a model based approach
for optimization at District Level
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THE PROBLEMATIC OF WASTE HEAT RECOVERY AT DISTRICT

LEVEL
] Heating network
m Wasted Energy— Peninsula of plants
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LPES MODELING FORMALISM:
USE CASE LNCMI

m Energy system modeling — 3)@ ik SR
OMEGAIpes modeling formalism for MILP
% optimisation approach

®  Hourly timestep study

®  Generating the optimisation
ﬁ LNCMI [ Constraint: maximal power J problem

Conngction dissipated in the Isére river . .
point LNCMI e 228k variables (158k continuous

f Al L.
8 Elit;)t;:ic;trv ﬂ electrical Magnets \ _ Heat et 70k binaires)
& consumption outlet ll dissipation / « 316k constraints
LNCMI heat @, A Isere . .
production M (hear) * 13h solving (Gurobi)
LNCMI . .
/ — @ Various studies:
Hore H erma o g ]
{ Co:z;?;n;;hexrort if y L S Constraint: cycling every 5 days] o Balancing between COz
emissions from the
_ LNCMI and district
'.] HP heat ot 5 i v i i
> e [ heating, free profile
®) P clectrical '  Using HP according to
) i Constraint: limited injection ici i
M consumption depending on the network’s the_eIGCtrICI_ty price,
Objective: HP heat temperature typical profiles
agnie de chaufiage Minimizing production

» Study of operational
performances under
constraints, fixed
profile

CCIAG

production
Network '.] HP
(heat) Y,

Low temperature
network (85°C)

District heat
consumption

Source: Camille Pajot PhD defense
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THE KIND OF RESULTS PRODUCED

OBSERVATOIRE M I Eco SESA
FF[/ //_‘ ANSITION GZELab
Vg Univ. Grenoble Alpes

m Results around flexibility and energy decarbonation

Modeling and Optimization
researchs

Heat dissipation Multi-scales electrical grid access tariffs

Monthly
4a variations Daily variations

=) EEEEEE
1 Hourly variations

o g
"«

N
Cdusp -i z
%g 0
g | » -
J—_ - N § X .l l & CO, emissions s Tradeof between CO, and
e_outvcw TE=n e (o0 15
LNCMI - ms.mng energy mix ! 502 %‘ lgg : @ Et%+(‘-‘)z
network = "
- m':’l & 8o - 28% of CO2 ﬂ '
3 L . | 2 70 4 g -
£ M Y emissions (5 3
e _inusem m:EI ;::: 2 |
Electricity Heating O ——— | oo _.8 zg R =He
R R sz M £ 30
e ey ey pa— | 2 2
Pajot C., Delinchant B., Maréchal Y., Wurtz F., Morriet L., Vincent B. and Debray F. (2018). Industrial Optimal Operation > 10 JFFHH P
Planning with Financial and Ecological Objectives. International Conference on Smart Cities and Green ICT Systems 3 0 ===5 ———— S
O 220 02l oof add o A N ol 2
A4 g y@v‘r{b\’kov\'@ \,30 x,\x)\ko‘iﬁe,‘évod: x\o\ o ‘;é
ase of sctrict heating supply w 3y
mmm Heat import from heating Network i S < s - gz
Heat import from LNCMI : 3
R . . . ——District heat load 1 0
La thése de Camille Pajot: « OMEGAIpes : outil ——LNCMI electrical foad mooa
d’aide a la décision pour une planification c PajotehD
énergétique multi-fluides optimale a I’échelle des @' R

quartiers », thése de I’Université Grenoble,
https://hal.archives-ouvertes.fr/tel-02520569
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THE KIND OF RESULTS PRODUCED

m Results around flexibility, energy

BOCREION

e

11 Compagnie de chauffage
@5, 1s confort durable, fout simplement
o

m Providing the heat of the district over a year

» 60% of the annual needs could be covered by the LNCMI waste heat
(60% reduction in CO, emissions)

» 20MWh / 6,7MW storage Heating CO, em.
(g/kWh)

Scenarios network
(GWh)

W District Heating Network heat

200 Reference 28,2 144
® LNCMI waste heat LNCMI waste
160 heat recovery 10,8 57,8
project

Heat consumption [MWh]
o
o

80 Annual study with 1 hour time step
Automatic generation of the optimisation
40 problem
0 ® 228k variables (158k continues et 70k
Oljanv  19-féwr  09%avr  28-mai  16juil  03-sept 22-oct  10-déc binaires)

® 316k contraintes
La thése de Camille Pajot: « OMEGAIpes : outil d’aide a la décision
pour une planification énergétique multi-fluides optimale a I’échelle ® RéSOIUtion en 1 3h (Gurobi)
des quartiers », thése de I’Université Grenoble, https://hal.archives-
ouvertes.fr/tel-02520569
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ENERGETIQUE LNCMI

THE KIND OF RESULTS PRODUCED

m Results around flexibility, energy

W 6t Eco-SESA W s Eco-SESA
—- g s ’QZEqu 7 Univ. Grenoble Alpes g iAo ,QZEL@ 7 Univ. Grenoble Alpes
METHOD: STRATEGIES & SCENARIOS METHOD: STRATEGIES & SCENARIOS
l M District network needs  —Total waste heat rejection I mmDistrict network needs  —-Total waste heat rejection
m 52 weeks energy 1400 m 52 weeks energy 1400
blocks 1200 blocks 1200
» Current operation > After
. 100 rescheduling _ 1000
= =
g 800 ; 800
? 600 ? 600
S S
400 400
200 200
0 J 0
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52
Time of the year (weeks) Time of the year (weeks)
46 47

Sacha Hodencq, Jaume Fit6, Frangois Debray, Benjamin Vincent, Julien Ramousse, et al.. Flexible waste heat
management and recovery for an electro-intensive industrial process through energy/exergy

criteria. Proceedings of Ecos 2021 - The 34rth International Conference On Efficiency, Cost, Optimization,
Simulation and Environmental Impact of Energy Systems, Jun 2021, Taormina, Italy. (hal-03290126)


https://hal.archives-ouvertes.fr/hal-03290126

But the necessity of humans in
the loop

- Why the necessity of humans in the loop
- From a living lab approach to a real field approach



Why the necessity of new inter-disciplinary

approach with the « human in the loop » !

“.‘ Grenoble Grenoble
4 Alnec

& In Smart-Building will everything be automatic ?
® Was, may be, our first idea, but ...

©® Our current hypothesis is that the user/inhabitants must be involved
 Inhabitant want to decide, must understand, ...
« If they can not decide, and do not understand -> Reject

& i £
The Co_nsume,r WI" be_come Nudges %N€ ‘é €m@ Environmental
an active pro’sumer in the T signals

Dynamic prices
EnerNet
Consumption
4 ; of Energy
EE g-\ ' helptshi?t:raai\:ij:aat?ndgand

Demand Response

Users
/"1 understand
decide, ...

Sell/exchange

of energie ‘




The need of a new inter-disciplinary

approach with the « human in the loop » o

2 Alpes

8 Uncertainty linked to human actors and usage
& Relatively to heating

@ “identical houses can have heating consumption that vary with a factor 2-3
depending on user practices, and thus that user practices are at least as
important as building physics”

See references available in: “Smart buildings” integrated in “smart grids”™: A key challenge for the energy transition by using physical models
and optimization with a “human-in-the-loop” approach”, F. Wurtz, B. Delinchant, Comptes Rendus Physique, Volume 18, Issues 7-8,
September—October 2017, Pages 428-444, https://doi.org/10.1016/j.crhy.2017.09.007

@ Study on 26 Energy Positive Buildings

» “factor 3 in variations in heat consumption depending on user practices” — from 46 kWh/m?/year to
144.9 kWh/m?/year

- Z.M.Gill, M. J. Tierney, I. M. Pegg, N. Allan, Measured energy and water performance of an aspiring low energy/carbon affordable housing site in the UK. Energy
and Buildings 43, 2011,117-125

& Relatively to electricity

© when comparing households living in similar houses, electricity consumption can
vary with a factor 5, thus indicating that electricity consumption is even still less
linked with building size type than heating consumption

Gram-Hanssen, K. (2011). Households' energy use - which is the more important: efficient technologies or user practices? In Proceedings of the World Renewable Energy
Congress 2011 (WREC 2011) Linkdping: Linkdping University Electronic Press

.34


https://doi.org/10.1016/j.crhy.2017.09.007

To have the complete Story -

¥ Grenoble
2 Alpes

& Of why the need of an approach with « ... humans in the
loop » ...

C. R. Physique 18 (2017) 428-444

Contents lists available at ScienceDirect

Comptes Rendus Physique

www.sciencedirect.com

Demain I'énergie - Séminaire Daniel-Dautreppe, Grenoble, France, 2016

“Smart buildings” integrated in “smart grids”: A key challenge @ CrossMark
for the energy transition by using physical models and

optimization with a “human-in-the-loop” approach Wurtz, F., Delinchant, B., 2017. “Smart buildings” integrated
in “smart grids”: A key challenge for the energy transition by
Le « batiment intelligent » intégré dans les « réseaux intelligents » : un défi using physical models and optimization with a "human-in-
h L . R . L the-loop” approach. Comptes Rendus Phys., Demain
clé pour la transition énergétique. Modeles physiques et optimisation I'énergie 18, 428-444.
associés a une approche intégrant I'acteur humain dans la boucle https://doi.org/10.1016/j.crhy.2017.09.007

Frédéric Wurtz, Benoit Delinchant

« 35

Université Grenoble Alpes, CNRS, Grenoble INP, G2Elab, 38000 Grenoble, France
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From Social sciences and
engineering sciences to tools
and models

Quantitative modelisation
Qualitative modelisation
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o=

L SCIENCES AND ENGINEERING
SCIENCES TO MODELS AND TOOLS

m From identification of actors with social sciences to the

development of Tools for Design and Energy management and
socio technic modelisation

T %5 g ... | |THE GRENOBLE PENINSULA DISTRI

ENERGY MODEL GENERATION TOOL FOR MILP ACTORS OPEN DESIGN

OPTIMIZATION
SOCIaI F python f’_\
“+constraint|

Science é%“é‘ Db ia
A Pacte Wi ‘

O,,Q
==
,' ‘9! b
Vg e

Connection
point

“constraints

1

|
e - | .
. . N i - L y Constraint: export I
Laboratoire de sciences sociales 1’1“ ﬂ % 1 if above Pmin

o recove?yw I

OMEGAIpes - N I
Open Source Optimisation Library Energy system model 1 Objective: Which I

itz

Production — Consumption - with stakeholders J | Igg;\ltling Froductlon | stakeholder ? |
Storage - Conversion production? ] | L e e e e e e e e e - — J

Greated by Jake Dunham Heat Network Operator Constraint: limited
Creit: Lou Mornet, PhD student G2Elab - PACTE  traen doun Froject injection depending on Consumers
the network’s
o District heat
HOW DOES OMEGALPES WORK ? l “, . e
(heeatlm : network (85°C)
Object Oriented Olgtimilzted
Model Generation Tool esults
District La thése de Lou Morriet: « Conception multiacteur de systémes énergétiques locaux bas-carbone : outils, modéles et

Data analyses qualitatives », thése de I’'Université Grenoble Alpes Soutenue le 8 mars 2021, https://hal.archives-
mn(s)t\r,:i,m * P’:;)ij;tiscg:vigto . Solver . (70\/\ ouvertes.fr/tel-03285666v1
e . e format @ coincae E>|4—" ‘ ) ) .
== @ p OMEGAIpes code: gricad-qgitlab.univ-grenoble-alpes.fr/omegalpes
interface | - .
______ o OMEGAIpes documentation: omegalpes.readthedocs.io

—_——_——————
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ENERGETIQUE LNCMI P4

THE KIND OF RESULTS PRODUCED

m Collaborative and participative science: the Transect

Collaboration with social science and urban science aqes™2M

ambiances
architectures
urbanités

i

il =
iD )
i |
i

D

« L'eau dans les paysages de I'énergie, Le cas de la Presqu’ile de Grenoble
Water in Energy Landscapes — The Case of the Grenoble Peninsula », HTROIS D A 50 . -
Sylvie Laroche et Nicolas Tixier, Revue scientifique sur la conception et 'aménagement
de I'espace, 20 | 2019, Paysages de I'eau, htips://journals.openedition.org/paysage/680

http://grand-a.aurg.org/ancrage-energie/parole-croisee-de-chercheurs

43
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To a data driven approach with
the human in the loop

From a living lab approach to a real field approach
A real field experiment with humans in the loop
We need the data
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g oty @
GreEn-ER : Grenoble Energy — Living-Lab for Teaching & Research =z @Ni’

UCA

= Green-€R

= GRENOBLEENERGIE

» 6 floors, 4500 m?, 2000 people (incl. 1500 students)
« Energy efficient building (95 kWhpg/(mZ2.y))

* PV installed (205kWp)

« EV Charging

» Highly monitored (>1000 measuring point)

Delinchant B., Wurtz F., Ploix S., Schanen J.-L. and Marechal Y. (2016). “GreEn-ER Living Lab - A Green Building with Energy Aware Occupants”. SmartGreen’16, In
Proceedings of the 5th International Conference on Smart Cities and Green ICT Systems. ISBN 978-989-758-184-7, pages 316-323. DOI: 10.5220/0005795303160323



https://www.scitepress.org/Link.aspx?doi=10.5220/0005795303160323

Smart-Building & Human in the loop — The
d of the concept of living lab

v Grenoble

il Alnac

8 User can become designers of the building (and reciprocally)

Une explication dui probléme pourrait tenir dans le fait que le boitier de fa sonde de régulation est trés proche de ['écran Magelis qui est une forte source
de chaleur

[ ]
Les photos cijointes semblent confirmer le probléme: l | Se rS Ca n m Od Ify
)

21.9°C $FLIR

Smart Building Platform: A part of Green-ER
PV Panels / Eolian

Electric
Vehicles

Model, diagnose

the « smart-building »
CLECON

GreEn-ER-MHI our
new platfom is a

LiVi n g La b ELECTRICITY CONSUMPTION ANALYSIS & ENERGY EFFICIENCY
La solution va donc consister: Benoit Delinchant, Frédéric Wurtz, “The Grenoble PREDIS — Building platform: A living lab and
. - 3 augmenter la température de consigne dans un premier temps experimentallab for the study of energy and comfort in Smart-Buildings”, Third ELECON
PrOdUCIrIg Workshop , url: http://www.elecon.ipp.pt/images/Workshop3/Presentations/Elecon3.pdf
- - 3 déplacer le capteur dans un second temps _
science and e
. . . : g
technology & Experiments with the « Human in the loop » .
LA |
= - ® H H il |
Test it with real Measure and modeling of comfort directly feeled by the users :;ef;.m;;..m e e ——
users ﬁ How comfortable am | feel? G2E. e e H .: Q H ﬁ H H ﬁ
0 1 am feeling too hot (33 :g . ;
'Vl esTe 0 10 e 0 . g% .
Ererse I T T dis kit ) i L I
Those users can : oo redis_kit_cap| e
i n n ov ate Home Mylnformations Diag [ TRIUENURNERNESEN S BNEE BN SN BN N
4A018 N“
TEMPERATURE 25.60 'C 2 ‘ 2 '
See what works 34 ‘
(OI‘ not) with 34.2°C | | ¢ ) ,
L G O LR R 326°C =
sa fsers AR Cl CCNN
-— - s i

ELECTRICITY CONSUMPTION ANALYSIS & ENERGY EFFICIENCY

« Google »
innovation
strategy !

Inacio Bianchi, Antonio Faria Neto,Benoit Delinchant, Frederic Wurtz, Samer Alabrach
“Energy Saving Using Ceiling Fans in Environmental Comfort Systems”, Third ELECON
Workshop, url: http://www.elecon.ipp.pt/images/Workshop3/Presentations/Elecon9.pdf
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LABS, LIVINGS-LAB & FIELD: AN INTERDISCIPLINAR APPROACH BETWEEN
TECHNICAL AND SOCIAL SCIENCE

?

m The Y research strategy for a socio-technical Complxityofreaity
research for energy transition W22 )

v 8
Eco-SESA . o H@‘T [ﬁm%\ Eu y

Cy

Complexity of = - T
reality oy

Remove the actors Remove the systems
Materials & technical systems : the  Actors in their societal environment:
bench and the system laboratory the focus groups and surveys
@ Y\ Pacte
/W:EL h‘ GZEL.:b GAEL) iz = At
M_g M G+ SCUP AALI

Méthode du living lab :
pratiques et contraintes techniques iy

‘\r\ﬂ

Living lab

Systems and actors : field experi-
ments

Use of the system from the recurrent
perspective of the actor

Grefn-ER, Grenoble Presquile, energ

ymme living lab

https://ecosesa.univ-grenoble-alpes.fr/training-and- _
dissemination/videos/lapproche-living-lab-eco-sesa- Real Field
living-lab-approach-eco-sesa

Delinchant B., Wurtz F., Ploix S., Schanen J. and Marechal Y. (2016). GreEn-ER Living Lab - A Green Building with Energy Aware Occupants.In Proceedings
of the 5th Internallonal Conference on Smart Cities and Green ICT Systems - Volume 1: SMARTGREENS, ISBN 978-989-758-184-7, pages 316-323. DOI:
10.5220/0005795303160323, hitps:/hal.archives-ouvertes.fr/hal-01317470/


https://ecosesa.univ-grenoble-alpes.fr/training-and-dissemination/videos/lapproche-living-lab-eco-sesa-living-lab-approach-eco-sesa
https://ecosesa.univ-grenoble-alpes.fr/training-and-dissemination/videos/lapproche-living-lab-eco-sesa-living-lab-approach-eco-sesa
https://ecosesa.univ-grenoble-alpes.fr/training-and-dissemination/videos/lapproche-living-lab-eco-sesa-living-lab-approach-eco-sesa
https://hal.archives-ouvertes.fr/hal-01317470/

To a data driven approach with
the human in the loop

A real field experiment with humans in the loop
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Experiment on energy demand flexibility

* Randomized Controlled Trial (RCT)

e 174 on households in the

Grenoble area in France from
June 2019 to October 2021.

INTERVENTION

QOutcomes for both
groups are measured

Population is splitinto 2
groups by random lot

CONTROL

' = flexible action

' = no flexible action

Image adapted from https://emmatomkinson.com/2013/05/20/randomised-controlled-trials-rcts-in-public-policy/

©w o/

Electricity Usage: Wh per 30 min
100 200 300 400 500 600 700 800

iNip O

UGA

Recruiting : mailbox flyers, journal paper; for
a “study on energy consumption and the
development of renewable energy”
Monetary indemnity 3 x 40€ for :

Survey : type of housing and composition, the
socio-professional category, heating system, etc
Data consent : Consumption data 30" min

Electricity Usage (Wh per 30 min): Before alerts (Weekdays of Sep. 2019)

Load curve of treated
and control group

without intervention
AN

/ X

7 H""*:‘.‘.ri/

. p gt F

T T T T

2 4 6 8§ 10 12 14 16 18 20 22 24
Hour of the Day

————— Control 95% Cl —---— Treated
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OBSERVATOIRE
6 DE LA TRANSITION
(9 ENERGETIQUE

A methodology for experimentations and scientific results
with “Humans in the Loop”

» Expesigno — A scientific - & oSS
evaluation of potential of o
flexibility in real field SAMPLE DESCRIPTION AND LOCALIZATION

Table 2: Houscholds Characteristics

° A methOdOk)gy for -~ - — Localisation of the

s i kA participants to the study
H t t d Mcan SD. Mean SD b  pvalue
exper“ I Ien a |OnS an Surface 10223 4586 9841 4137 382 (0.58) \ -
. . Houschold Size 39 127 203 131 016 (0.43) Apprieu \ /Q\/J ///
Créts en
scientific results s <8 9
At home at least 3d/w 046 050 062 049 -0.16° (0.04) Modans 9 Q
home _owner 078 042 078 042 000 (0.99) ‘d
« Examples of research s S A e A8 ae ae
Elec. Heat. 009 020 009 029 -000 (0.96)
th d I f I R Heat Pump 106 022 107 025 -002 (063) ot
methodology from living prohi- 8 % % 1w om am e
Building date
’ﬁ Eﬁvocfiii Kipes Before 1974 053 050 046 050 007 (0.40) .
) Betwoen 1974 and 1990 018 039 017 038 001 (091) q
Between 1990 to 2012 023 0.42 025 0.44 002 (0.74)
After 2012 006 025 Q11 032 -005 (0.25) o
ourg
Monthly electricity consumpeion (kWh) 255.16 240.40 24765 21110 7.51 (0.29)
e £ . Number of houscholds 78 87 165
Pilotage de la demande électrique des ménages par Notes : S.D. Standard Deviation.
des incitations non monétaires : for p<.05, ™ for p<.01, and ** for p<.001
une étude expérimentale de terrain 17
Adélaide Fadhuile, Daniel Llerena et Béatrice Roussillon,

économistes, Laboratoire GAEL, UGA.

Benoit Delinchant, Salman Shahid et Frederic Wurtz, 1 75 p a rti Ci p ati n g d We I I i n gs

Génie Electrique, G2ELab, UGA




Indirect control experiment

Global Architecture

POWER (MW)

A Electricity
PV Demand
T T T T T ™
12 12 12
AM PM AM

Realtime treatments 10 :

Forecast

= electrical grid stress
= PV production

= Load demand

Generate alerts (D-1)

Remind commitments (D)

Get households consumption (D+3)
Generate feedback (D+3)

Orange Alert

winter
6pm-8pm

[Orange Alert

(For peak shaving during winter)

RTE |
PP1/PP2

Announcement

by

Green Alert

Summer
12pm-3pm

G2Ew

eeeeeeeeeeeeeeeeeeeeeee

4 GRENOBLE

INP

UGA

( Green Alert

EFOCLIMAT

Mean Nebulosity

-« \ y »

(For load shifting during summer)

( ENEDIS

National Residential
Load curve

wx-y

Smoothened National
Temperature

175 Households

redlctlon of NRLC
for next day

ENEDIS‘
GDP
(Auto)Consumption

_ Data

Renewable Production

Consumption & =
Data h

Data




G2E€E Lab

Grenable Génie Electrique
' Grenoble Electrical Engineering

Experiment on energy demand flexibility

Feedback load curve

INP

UGA

i D+3 Days

D - Day

D-1 Day

g
g
3
g

Text Message
Feedback curve

= Courbe de charge référence

1 === Courbe de charge réelle observée
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Experiment on energy demand flexibility

Electricity Usage : Wh per 30 min (Only alert days of Orange Alerts Wave

1

Orange Alert
6pm-8pm
Consumption reduced
12.6%-20.4%

1

30 min

1

Electricity Usage: Wh per
100 200 300 400 500p 600 700 800

1

1

T T T T I I I I Ll 1 I I
10 14

2 4 6 8 12 16 18 20 22 24
Hour of the Day
Orange alert zone — — « 95% Cl — — — - Control - + 95% Cl — - - - Treate
Table 8: KWh per 30 min (Orange Alerts Wave 1 - 6pm-8pm)
(1) (2) (3)
Control Treated T-test
mean sd mean sd b p

KWh 18h-20h 688.22 857.18 530.95 708.72 157.27*** (0.00)
Observations 2776 3092 5868

y 4

30 min

G2

eeeeeeeeeeeeeeeeeeeeeee
' Grenoble Electrical Engineering

@

N

A
Electricity Usage : Wh per 30 min (Only alert days of Green Alerts Wave 1) -

4 GRENOBLE

o

&

3. Green Alert

~ 12pm-3pm

S - Consumption
E‘g | increased
=0 9.8%-11.7% '
” 1l
no - = 1 ) 12 — lfl-rfﬁ\ .
= i/{ H\I\. :—14?({ N
£O ¥ oiiirt
£3- | y_:h%frn'rrrn-rf
Luo ‘\.'.\; I ;'Lﬁ? .

i 3N 34
8 1‘1‘1{-}; _Fﬁzl
S -
2 4 6 8 10 12 14 16 18 20 22 24
Hour of the Day
Green alert zone — — « 95% Cl — — — - Control + + 95% Cl — - - - Treated
Table 9: KWh per 30 min (Green Alerts Wave 1 - 12pm-3pm)
(1) (2) (3)
Control Treated T-test
mean sd mean sd b p
KWh 12h-15h  326.54 434.42 407.83 555.36 -81.29"** (0.00)
Observations 1764 1968 3732
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A methodology for experimentations and scientific results
with “Humans in the Loop”

Eco-SESA
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* A methodology for Results and Discussion
experimentations

and scientific results

& Comparison of both
« Examples of groups during alert days

researCh ® The difference of mean values Coruesi Qs Bnsi G

~

oncumed Energy during arange perad IKWh)

oo yields that the treated group
Accueil Dépot Consultation~ Recherche Docun
saved 280 Wh/h of energy per £
0755585, verson 1 | orange period.
Designing and Experimenting Nudge Signals to Act on the Energy . T -
. . . oL e -
Signature of Households for Implementing Indirect Energy Flexibility Extra DOlatlﬂg fOF 29 m||||0n :
:\.;I:I‘lgzr':r;::‘Salman Shahid ', Benoit Delinchant ' , Béatrice Roussillon 23, Wurtz Frederic ', Daniel Llerena > * , Adélaide Fadhuile 2> F re n C h h O U S e h O l d S ( I N S E E -
G2ELab - Laboratoire de Génie Electrique de Grenoble r 1 o b
Bl GAEL - Lab d'E: Appliquée de Grenobl | J) b
France 2019 gives an :
B Université Pierre Mendés-France (Grenoble 2) . ¢
energy saving of 8.12 GWh/h

Ab: Tom in rgy bal th id, rgy flexibilit ntailed umer side. G lly, the ipants of demand g

response experiments are ofere economic mcenive wi Nisorc o normatv fesdback on el anergy consumpton. I s arice, we (between 6 PM and 8 PM).

present an energy flexibility experiment concerning residential sector, which is based on nudge signals with indirect feedback and no

monetary incentive. The results show that nudge signal can serve as an important tool to implement energy flexibility without hindering 0

consumer's comfort. This study is effective to implement energy flexibility on local energy communities while offering no direct economic
incentive. Key Innovations O Load curtailment and load shifting alerts are conceived for the residential buildings based on the day ahead
forecasted condition of national grid. O Nudge cocktail (a collection of nudge signals) is devised for sending alerts to the participants. The
participants may respond to each alert according to their degree of flexibility without loss of comfort. 0 Reference load curve is formulated
for each participant. An image of reference load curve superposed on measured load curve is sent to the subjects as indirect feedback
Practical Implications The study is significant for energy flexibility of residential sector to mitigate forecasted day ahead energy imbalance
in the grid. The load shifting alerts are based on the historic consumption of same sector, which enables the participant to implement
energy flexibility according to their degree of flexibility without any loss of comfort

Muhammad Salman Shahid, Benoit Delinchant, Béatrice Roussillon, Wurtz Frederic, Daniel
Llerena, et al.. Designing and Experimenting Nudge Signals to Act on the Energy Signature of
Households for Implementing Indirect Energy Flexibility. BS 2021 — International Building

Simulation Conference 2021, Sep 2021, Bruges, Belgium. (hal-03755585), https://hal.archives- :
ouvertes.fr/hal-03755585

Refaranca:
[1] INSEE France. 2019, “Tableaux de 'économie Frangaise - Tableaux de FEconomie Frangaise | Insee.” 2018

N
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To a data driven approach with
the human in the loop

We need the data
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SOCIO-TECHNICAL PROGRAMS BASED ON LIVING-LABS: FROM ECO-SESA
TO OTE FOR ACCESS TO FIELDS AND DATA

m The need of a socio-technic approach with the community of users « in

the loop » based on living-lab

From eco-SESA

Q 0 Coaveratt Grenette pen g  Eco-SESA
0 7 Univ. Grenoble Alpes
Smart energies in districts

B EcoO-SESA

Univ. Grenoble Alpes

https://ecosesa.univ-grenoble-alpes.fr/

To OTE: Observatory of
Transition for Energy

Structuration Résultats e
Scientifique & Plate-Forme iffuse
concertée depuis juin 2020
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e
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Politiques/régulation&Technologies Energie D) Bk
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OTE: Observatory of Transition for Energy i @ acreare

UGA

Singapore

» A synergy between a scientific program and a platform

AXE 6
Structurel Support

for Participative Science and Open science for Energy Transition

Scientific animation program + Platform
Multidisciplinary, neutral actor, trusted third party

Behaviors/Practices/Regulation/Governance J ‘
Components/Systems/Material/Digital l """
$ Observation Data base Diffusion
=
g / AXIS 1
o 1 Behaviors and Q
- uses g :
3 /@
; / / Structural 8 Chercheuses et = Domaines
5 | _support ot 5 chercheurs scientifiques
- \ egulations,
< AXIS5 public 8' Data and
Data, - Access to Tools
i - energy A @ ....alh 7
Observations A e SRR | —— | f * \
© -
| }JQéA Déja 2700
Laboratoires =~ SrenerleAlpes volontaires, agag
et vous ?

Actors : research / society More than 2700 dwellings involved
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Open-hardware technical infrastructure

https://predis.g2elab.grenoble-inp.fr/smartbuilding/index.php/2022/02/04/winky-version-2-open-source-projet-pour-linky-avec-wifi/

Linky +

gateway

Dwelling of the participant

Observatory (OTE)

Study to make reliable real-time

recovery data from the Linky meter

Jerome Ferrari — G2ELAB

5/

xKy Broker
TinyMQTT

W\

)
MQTT

& influxdb

xKy MasterSystem
Display + local storage of
datas

Anonymised
Agregated data

/W, [Tl
G2€b DesCartes
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UGA Singapore
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https://predis.g2elab.grenoble-inp.fr/smartbuilding/index.php/2022/02/04/winky-version-2-open-source-projet-pour-linky-avec-wifi/
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financed by
- IDEX Université Grenoble Alpes
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Towards an open data lifecycle tailored to citizen-sourced energy datasets
PhD Seun Osonuga
- @
i ‘ Any other stakeholders except data holder(s) o
Legend ; —» Model training
Data steps carried out by data holder (s)
materials Materials or information flow between steps Data Access & Usefl Data R Insights Other uses
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. Steps that influence external data use EXPIOFaTIOH Daza
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* The first data set are published by the Observatory g l o

125 de 5 résultats ddfd.gOUV.ﬁ” —

H358 Office data E}
o | of I % 6 juin 2024
2 D ata I e Cyc e L Ploix, Stéphane, 2024, "H358 Office data", https://doi.org/10.57745/6PE4CY, Recherche Data Gouyv, V1,
UNF:6:D871qH+PYhzipw08u2tVRg== [fileUNF]
Raw data coming from 20 sensors deployed inside an office, located in Grenoble, with 3 desks during 1 year and a half.
Etude xKy g
o N 5juin 2024 N
1° Panel of S — o _
Ferrari, Jerome; Imar, Vincent; Boisseau, Christophe; Osonuga, Seun; Wurtz, Frederic; Delinchant, Benoit, 2024, "Etude xKy",
VO I u nte e rS e e g e hitps://doi.org/10.57745/SHDDTW, Recherche Data Gouv, V1, UNF:6:NVyhGSIhd1LTM2T+1cah0g== [fileUNF]
r — }""’—““'rmm"“m }M’ﬂwe) ossig Jeu de données issue de I'étude xKy. Le projet xky a deux objectifs principaux. Le premier est de fournir des passerelles se branchant sur les
e T compteurs Linky afin de permettre aux personnes désireuses de comprendre et de réduire leur dépense énergétique de pouvoir suivre en temp...
Carte des ménages OTE . P yainoep P P P 9ctque de p a
& ExpeSmartHouse - Données d'une maison connectée 5

= st ——  5]uin 2024

Ferrari, Jérome; Osonuga, Seun; Wurtz, Frederic; Delinchant, Benoit, 2024, "ExpeSmartHouse - Données d'une maison connectée”,
https://doi.org/10.57745/NJABDI, Recherche Data Gouv, V1, UNF:6:EiYNL4AfvIcSSbtW8j6P3Q== [fileUNF]

Le projet Expe-smarthouse a été initié en 2019 afin de fournir les données d'un foyer de 120 m? ol vit une famille de 5 personnes. Ce projet donne
accés a environ 370 points de mesure pour les scientifiques, accessibles aussi en temps réel via un portail Grafana alimenté avec une...

PREDIS-MHI Thermal Data
25 mars 2024

N
Lé Osonuga, Seun; Shahid, Salman; Chouman, Ali; Wurtz, Frederic; Delinchant, Benoit, 2024, "PREDIS-MHI Thermal Data",
https://doi.org/10.57745/TZDEIH, Recherche Data Gouv, V3, UNF:6:UKx5uL0JBYyBByGPUMfAmA== [fileUNF]

(G

This dataset contains the thermal energy datasets for the PREDIS-MHI platform of the GreEn-ER building, a tertiary building with more than a
thousand sensors used for research, teaching, and administrative activities in Grenoble. The associated datasets presented include readings...

[y

The EVE Pilot: Usage Data from an Electric Car in France
1 févr. 2024

N
<ﬂ ] E Osonuga, Seun; Wurtz, Frederic; Delinchant, Benoit, 2023, "The EVE Pilot: Usage Data from an Electric Car in France”,
;{2 hittps://doi.org/10.57745/506QIH, Recherche Data Gouv, V2, UNF:6:FxFjLcO9W3RRzI7VHLe8blQ== [fileUNF]
. — 3 This dataset contains the usage data of a single electric car collected in as part of the EVE study (Enquéte des Vehicles Electrique) run by the
ggggce E OTE N=1603 menage 2 Observatoire du Transition Energétique Grenoble (OTE-UGA). This dataset includes the following variables for a single Renault ZOE 2014...

61 / https://entrepot.recherche.data.gouv.fr/dataverse/ote
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+ Nombre de sujets récupérés : 352
- Déburdes donmess Te vendredi 2
« Fin des données : Le Dimanche 23,
« Nombre totale de valeurs anticipés
> 48 car Linky données échantil
o 2 car 2 jours
© 352 car nombre des sujets réd
« Nombre total de points de donnée

 |'état de santé des données en po
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Voici la courbe moyenne du 151 participants pour lesquels nous disposons de données complétes du vendredi au mardi.
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Conclusion

 Buildings and districts levels are key pillars for energy transition
* From a mainly model and optimization driven approach
* To a Social a Data Approach with the Humans in the loop

* Toward an observatory approach
« Experiments in living labs and real fields

 Collect of data and feedbacks from those living labs and real fields -> Toward an
observatory approach
» Technical & Juridical questions
« Work together on the life-cycle of data;
« As open as possible, as closed as necessary

* Toward new modelisation paradims as paradigms:
* multi-agent simulation
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