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Global climate and energy issues

Increase in anthropogenic greenhouse gas (CO2, CH4)
Increase in global energy consumption (+100% entre 1970 et 2000)
Decrease the available amount of fossil fuel
Rising cost of fossil fuels

Targets for the EU in 2020 :
• ≥20% énergies renouvelables
• −20% greenhouse gas emissions
• +20% energy efficiency
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Energy context
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From smart-grid to smart-home
I guarantee

energy I consume 
energy when I 

need it

I do not have 
enough 
energy

I consume 
energy when I 

need it
I cut a few 

lines

Control by 
maximal power

I guarantee
energy

I consume 
energy when I 

need it

Energy costs 
me too much

I consume 
energy when I 

need itI increase 
electricity 

prices

Control by 
energy prices
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Motivations: Smart-home

Question for building energy management

Improve the consumption and local energy production

PV

Wind

Grid

energy

time

23:5900:00

Increase in renewable 
energy part

Appliance in building

Maximize occupant 
comfort, taking into 
account resource 
constraints and energy 
rate
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Building Energy Management:? 
Principle

maximizing
energy efficiency

service comfortenergy
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Energy Management Platform
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Three-layer architecture
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Mécanisme de pilotage de multicouche
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Energy supply
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Discomfort criteria

Permanent service

Thermal model

1

2

Piecewise linear function of thermal dissatisfaction 
(ISO7730)
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Discomfort criteria

Temporary service

Behaviour model
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Energy balance and objective function
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energy cost discomfort

Unsupervised services
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Classification of uncertainties
Parametric uncertaintis : uncertainties modeled as intervalsParametric uncertaintis : uncertainties modeled as intervals
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Uncertainty of occurrence : The uncertainties concern the 
starting of the non-programmable temporary services
Uncertainty of occurrence : The uncertainties concern the 
starting of the non-programmable temporary services
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Taking into account uncertaities in 
optimization problem

Parametric
uncertainties

Uncertainties of 
occurrence

Difficulties
How much energy is it necessary to 
reserve for this type of service?

Stochastic approach

• Stochastic programming

Robust approachs
• Multiparametric programming
• Robust formulation of Bertsimas

and Sim
• Scenario robust approach

Difficulties
Capacity to guarantee the 
performance of the optimized plans 
towards the uncertainties? 
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Building Energy Management: G-
homeTech
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Platform PREDIS – ANR Project 
RéactivHome
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Study platform

PREDIS / MHI
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Sensors and actuator
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Wattmeters Controllable plugs

Luminosity
Regulation
DALILON

Temperature and 
humidity sensor

Classroom

Office space
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HVAC system
System HVAC (Heating, Ventilation and Air 
Conditioning)
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Plateform PREDIS: monitoring
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Energy Management System

G-HomeTech 26
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Energy management : principle

Controlled
Mechanical
Ventilation

• operational mode
• air flow

MILP-
Workshop

Optimal 
setpoints

Predictor
Estimator

• temperature of adjacents space
• users’ occupation
• parameters of thermal model

Classroom

Envelope model

CO2 rate model

Hot battery

Office space

Envelope model

CO2 rate model

Hot battery

CO2 concentration

Energy consumption
(heating

+ventilation)

Inside temperature

Objective function
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Thermal model

Classroom
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Parameters identification of thermal model
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Classroom 5,3492e‐4 4,7296e6 0,0109 0,002 0,0064 9,6451e‐5 0,0124 0.2651

Office space 4,1186e‐4 4,0728e7 0,0115 0,0030 0,0322 9,6442e‐5 0,013 0.1506
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Controlled Mechanical Ventilation (1)

• Free cooling

• Heat exchange

• Recycling
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CO2 concentration and objective 
function

Objective function
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energy cost thermal satisfaction CO2 concentration

CO2  concentration evolution inside the room
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Optimization input

Predicted ouside temperature Occupation
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Setpoints given by MILP-Workshop

Temperature setpointsOperational mode of VMC

Low heat
exchange

Recycling

High heat
exchange
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Estimated consumption and energy
cost

Energy costHeating consumption
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Estimated CO2  concentration
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Experimental results (1)
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Reference
case

€
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Experimental results (2)

Energy cost
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Case 1 : energy pricing option 1 0 
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Case 2 : energy pricing option 2
€

Reference
case
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Experimental results (3)
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Perspectives

Experiment over one full year
Development of a library of relevant models
Use other solvers suitable for strategy 
adjustments
Reuse models for other application: model 
learning, diagnosis,…
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