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why GMBA-BEMS?



global model based anticipative 
energy management and models
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models have to be used
 by different applications 
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what will happen if I open 
the window this morning?

SIMULATION

You should start your 
washing machine at 2pm. 
According to the grid 
status for the evening, you 
should not to use the 
oven.

MANAGEMENT

DIAGNOSIS

MODEL

LEARNING

SIZING



models for energy management are 
difficult to handle
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Armadillo:

700 continuous variables

155 binary variables

2355 constraints

Canopea:

2249 continuous variables

652 binary variables

10168 constraints

PREDIS/MHI:

1151 continuous variables

144 binary variables

3443 constraints



neutral modeling language 
requirements



how to make modeling 
more efficient? 

• re-use model elements for different applications
–sizing
–simulation
–parameter estimation
–energy management
–diagnostic analysis

• develop a neutral modeling language and "automatically" 
transform for applications
–intantiate and compose 

–demultiply (time,...)

– linearize (if necessary)
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what a neutral model is made of?

• a neutral model is a constrained space
–variables: symbols with general value domains (usually           )

• isolated or indexed time-invariant variables: 

• isolated or indexed time-varying variables: 

–constants: symbols with single value domain
• isolated or indexed time-invariant constants: 

• isolated or indexed time-varying variables:

–constraints: physics and occupants' requirements
• acausal: equality or inequality 

with acausal logical operator

• with/without time-varying variables: ODE,..
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          R,           R+

          V(i, j) ∈ dom(V(i, j))          
          V(i, j, t) ∈ dom(V(i, j, t))          

          V(i, j, t) =           ςi,j,t

          V(i, j) =           ςi,j

variables may be transformed to constants (i.e. parameters)

RoomCalendar
tvar occupancy in [0,inf]
tvar presence in {0,1}
presence = 1 equiv occupancy >= 0.1

ThermalZone
var nNeighbourhoods in {0,inf}
tvar Tneighbour[nNeighbourhoods] in [0,inf]
tvar Tout in [0,inf]
tvar Twall in [0,inf]
tvar Tin in [0,inf]
tvar ventilationAirFlow in [0,inf]
tvar inZoneHeat in [-inf,inf]
var Rw in [0,inf]
var Rneighbour[nNeighbourhoods] in [0,inf]
var Cw in [0,inf]
var efficiency in [0,1]
rho_air=1.184
Cp_air=1006
Rventilation = 1/((1-efficiency)*rho_air*Cp_air*0.61*ventilationAirFlow) # tvar
Ac = -(sum(1/Rneighbour)+1/(Rventilation+Rw))/Cw # tvar, sum(...,1)
Bout = 1/(Rventilation+Rw)/Cw # tvar
Bheat = Rventilation/(Rventilation+Rw)/Cw # tvar
Bneighbour = 1/Rneighbour/Cw # var
C = Rventilation/(Rventilation+Rw) # tvar
Dout = Rw/(Rventilation+Rw) # tvar
Dheat = (Rw*Rventilation)/(Rventilation+Rw) # tvar
var TwallInit
Twall{0}=TwallInit
der(Twall)=Ac*Twall+Bout*Tout+sum(Bneighbour*Tneighbour)+Bheat*inZoneHeat
Tin=C*Twall+Dout*Tout+Dheat*inZoneHeat

Weather
tvar Tspace in [0,inf]
tvar Tdown in [0,inf]
tvar Tcorridor in [0,inf]
tvar Tout in [0,inf]
tvar solarRadiation in [0,inf]

Two thermal zones
import ThermalZone as LivingRoom

1



are neutral modeling 
languages existing?

• causal languages cannot be candidate > acausal 
–Matlab/Simulink, TRNSYS,...

• non composable languages cannot be candidate > 
composable
–OPL, GMPL, AMPL...

• simulation oriented languages cannot be candidate > 
constraint satisfaction problem compatible (value domains, 
inequalities, under/just/over-determined problems)
–Modelica

• language must be based on existing languages
11



RoomCalendar

tvar occupancy in [0,inf]
tvar presence in {0,1}
presence = 1 equiv occupancy >= 0.1

ThermalZone

var nNeighbourhoods in {0,inf}
tvar Tneighbour[nNeighbourhoods] in [0,inf]
tvar Tout in [0,inf]
tvar Twall in [0,inf]
tvar Tin in [0,inf]
tvar ventilationAirFlow in [0,inf]
tvar inZoneHeat in [-inf,inf]
var Rw in [0,inf]
var Rneighbour[nNeighbourhoods] in [0,inf]
var Cwall in [0,inf]
var efficiency in [0,1]
rho_air=1.184
Cp_air=1006
Rventilation = 1/((1-efficiency)*rho_air*Cp_air*0.61*ventilationAirFlow) # tvar
Ac = -(sum(1/Rneighbour)+1/(Rventilation+Rw))/Cw # tvar, sum(...,1)
Bout = 1/(Rventilation+Rw)/Cw # tvar
Bheat = Rventilation/(Rventilation+Rw)/Cw # tvar
Bneighbour = 1/Rneighbour/Cw # var
C = Rventilation/(Rventilation+Rw) # tvar
Dout = Rw/(Rventilation+Rw) # tvar
Dheat = (Rw*Rventilation)/(Rventilation+Rw) # tvar
var TwallInit
Twall{0}=TwallInit
der(Twall)=Ac*Twall+Bout*Tout+sum(Bneighbour*Tneighbour)+Bheat*inZoneHeat
Tin=C*Twall+Dout*Tout+Dheat*inZoneHeat

Weather

tvar Tspace in [0,inf]
tvar Tdown in [0,inf]
tvar Tcorridor in [0,inf]
tvar Tout in [0,inf]
tvar solarRadiation in [0,inf]

1

example of neutral models
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indexed variable

implicit

operator for indexed variablespotentially nonlinear



multi-application modeling 
process



how to transform neutral model to 
application model?

• variables are consecutively specialized
–symbols (composition): 

neutralSymbol  > specN.specN-1...spec1.neutralSymbol

–value domains:
dom(neutralSymbol)     dom(specN.specN-1...spec1.neutralSymbol)

• constraints are transformed according to application

• new variables and constraints may be introduced because 
of transformation patterns

• application specific elements are added (objective to 
minimize,...)
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transformation of a neutral model 
into an energy management model

• composition

• specialization
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Two thermal zones

import ThermalZone as LivingRoom
import ThermalZone as BedRoom
LivingRoom.nNeighbourhoods=1
BedRoom.nNeighbourhoods=1
LivingRoom.Tneighbour[0]=BedRoom.Tin
BedRoom.Tneighbour[0]=LivingRoom.Tin
BedRoom.Tout=LivingRoom.Tout

Living room

2

Two thermal zones

import ThermalZone as LivingRoom
import ThermalZone as BedRoom
LivingRoom.nNeighbourhoods=1
BedRoom.nNeighbourhoods=1
LivingRoom.Tneighbour[0]=BedRoom.Tin
BedRoom.Tneighbour[0]=LivingRoom.Tin
BedRoom.Tout=LivingRoom.Tout

Living room

LivingRoom.Rw=1.2e-3
LivingRoom.Rneighbour[0]=4.4e-3
LivingRoom.Cw=1.53e+7
LivingRoom.inZoneHeat in [0,10000]

2



transformation of a neutral model 
into an energy management model

• transformation: time discretization (Te=3600s, H=24h)
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import ThermalZone as BedRoom
LivingRoom.nNeighbourhoods=1
BedRoom.nNeighbourhoods=1
LivingRoom.Tneighbour[0]=BedRoom.Tin
BedRoom.Tneighbour[0]=LivingRoom.Tin
BedRoom.Tout=LivingRoom.Tout

Living room
LivingRoom.Rw=1.2e-3
LivingRoom.Rneighbour[0]=4.4e-3
LivingRoom.Cw=1.53e+7
LivingRoom.inZoneHeat in [0,10000]

Time discretization (Te=3600,H=24*3600)
Tout > Tout{0},Tout{1},...,Tout{22},Tout{23}
der(Twall)=Ac*Twall+Bout*Tout+sum(Bneighbour*Tneighbour)+Bheat*inZoneHeat >
(Twall{1}-Twall{0})/Te=Ac{0}*Twall{0}+Bout{0}*Tout{0}+sum(Bneighbour*Tneighbour{0})+Bheat{0}*inZoneHeat{0}
(Twall{2}-Twall{1})/Te=Ac{1}*Twall{1}+Bout{1}*Tout{1}+sum(Bneighbour*Tneighbour{1})+Bheat{1}*inZoneHeat{1}
...
(Twall{23}-Twall{22})/Te=Ac{22}*Twall{22}+Bout{22}*Tout{22}+sum(Bneighbour*Tneighbour{22})+Bheat{22}*inZoneHeat{22}

Linearization
ventilationAirFlow in {2/3600,400/3600,800/3600,1600/3600}

2

card identifier: continuous-product

version: 0.1

dependances: binary-continuous-product

scope: anticipative

written by: stephane.ploix@g-scop.grenoble-inp.fr

validated by : ...

November 15, 2012

1 Formulation

⇡ = x⇥ y;x = [x̌, x̂], y = [y̌, ŷ]

2 transformation

y ! y 2 {y0, . . . , yn} ; yi = y̌ + i

ŷ � y̌

n

It can be modeled by:

y = �0y0 + �1y1 + · · ·+ �nyn

with

X

i

�i = 1; �i 2 {0, 1}

It yields:

⇡

0 = y0 (�0x) + y1 (�1x) + · · ·+ yn (�nx)

Let zi = �ix. using the linearization of the product of a binary variable with a continuous one, it yields:

⇡

0 =
X

i2{0,...,n}

yizi ; x = [x̌, x̂], yi = y̌ + i

ŷ � y̌

n

(1)

8i,

8
>>><

>>>:

zi  x̂�i

zi � x̌�i

zi  x� x̌(1� �i)

zi � x� x̂(1� �i)

1



summary
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symbolic manipulation:

models are represented by graphs 

RoomCalendar
tvar occupancy in [0,inf]
tvar presence in {0,1}
presence = 1 equiv occupancy >= 0.1

ThermalZone
var nNeighbourhoods in {0,inf}
tvar Tneighbour[nNeighbourhoods] in [0,inf]
tvar Tout in [0,inf]
tvar Twall in [0,inf]
tvar Tin in [0,inf]
tvar ventilationAirFlow in [0,inf]
tvar inZoneHeat in [-inf,inf]
var Rw in [0,inf]
var Rneighbour[nNeighbourhoods] in [0,inf]
var Cw in [0,inf]
var efficiency in [0,1]
rho_air=1.184
Cp_air=1006
Rventilation = 1/((1-efficiency)*rho_air*Cp_air*0.61*ventilationAirFlow) # tvar
Ac = -(sum(1/Rneighbour)+1/(Rventilation+Rw))/Cw # tvar, sum(...,1)
Bout = 1/(Rventilation+Rw)/Cw # tvar
Bheat = Rventilation/(Rventilation+Rw)/Cw # tvar
Bneighbour = 1/Rneighbour/Cw # var
C = Rventilation/(Rventilation+Rw) # tvar
Dout = Rw/(Rventilation+Rw) # tvar
Dheat = (Rw*Rventilation)/(Rventilation+Rw) # tvar
var TwallInit
Twall{0}=TwallInit
der(Twall)=Ac*Twall+Bout*Tout+sum(Bneighbour*Tneighbour)+Bheat*inZoneHeat
Tin=C*Twall+Dout*Tout+Dheat*inZoneHeat

Weather
tvar Tspace in [0,inf]
tvar Tdown in [0,inf]
tvar Tcorridor in [0,inf]
tvar Tout in [0,inf]
tvar solarRadiation in [0,inf]

Two thermal zones
import ThermalZone as LivingRoom

1

GIAC has been used

(Bernard Parisse,

Fourrier Institute, 

Grenoble)

linearization patterns



application example



a first version of composer exists...
... multi-application capabilities are coming
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sample data
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results
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conclusions

• actually, two model processing systems have been 
developed: milp-workshop (research) and SMLcomposer 
(ergonomic)

• but both focus on anticipative energy management (and 
simulation)
–formal manipulation of equations is still under development

• next applications:
–parameter estimation (model learning)

–diagnosis analysis

• remark: granularity cannot be changed by formal 
manipulation (other granularity = other neutral model)22



modeling occupants



assessing the impact of energy 
management

24

using co-simulation



modeling process
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Appliances/objects'

Reasons'behind'
certain'ac.ons'

Environmental'
variables'
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validation process

26

 

!!
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assessing the impact of energy 
management
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Appliance$
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Energy$
Manager$

Inhabitant’s$$do$not$adapt$their$
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demands$

demands$

react$

react$

modify$

modify$

influence$

influence$



is there an unique 
global modeling language?
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Behaviour*model*implemented*into*Brahms***

Physical*Model*of*refrigerator*implemented*
into*Matlab*

> Believes, workframes, thoughtframes
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?


