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why GMBA-BEMS?



_GASCOP global model based anticipative
energy management and models

lots of possible configurations,

set-points and starting times
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availabilityivariable




_GASCOP models have to be used
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Giscop models for energy management are
difficult to handle
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PREDIS/MHI:

| 151 continuous variables

Armadillo:

|44 binary variables

, 700 continuous variables
3443 constraints

|55 binary variables
2355 constraints

Canopea:

<. 2249 continuous variables
~ 652 binary variables
10168 constraints




neutral modeling language
requirements



GSSCOP 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

transformed
model used for
parameter
estimation

—Iintantiate and compose

neutral model

—demultiply (time,...)

transformed
model used for
energy
management

—linearize (if necessary)




GESCOP .
what a neutral model is made of?

* a neutral model is a constrained space

—variables: symbols with general value domains (usually R, R™)

» isolated or indexed time-invariant variables: V(i, j) € dom(V(i, j))

- isolated or indexed time-varying variables: V(i, j,t) € dom(V(, j,t))
—constants: symbols with single value domain

 isolated or indexed time-invariant constants: V(i,j) = Gj,j

» isolated or indexed time-varying variables: V{(i,7,t) = ¢; ;
—constraints: physics and occupants' requirements

» acausal: equality or inequality RoomCalendar

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

 with/without time-varying variables: ODE,..
10 variables may be transformed to constants (i.e. parameters)




GESCOP 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



GSSCOP
example of neutral models

ThermalZone

indexed variable
var nNeighbourhoods in {0,inf} x
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 implicit
Cp_air=1006

Rventilation = 1/((l-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 k

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 potentially nonlinear, aoperator for indexed variables
Twall{0}=Twalllnit

der (Twall)=Ac*Twall+Bout*Tout+sum(Bneighbour*Tneighbour)+Bheat*inZoneHeat

12 Tin=C*xTwall+Dout*Tout+Dheat*inZoneHeat




multi-application modeling
process



GéscoP  how to transform neutral model to
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application model?
variables are consecutively specialized

—symbols (composition):
neutralSymbol > specN.specN-1...spec1.neutralSymbol

—value domains:
dom(neutralSymbol) O 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,...)



.Giscop  transformation of a neutral model
into an energy management model

e composition

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

* specialization

Living room

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

15



.Giscop  transformation of a neutral model
into an energy management model

* transformation: time discretization (Te=3600s, H=24h)
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}

Formulation
Linearization

T=zXxy,r=I[%z,y=1917

ventilationAirFlow in {2/3600,400/3600,800/3

transformation

Y9
Y=y ey gty =g i
It can be modeled by:

y = doyo+o1y1+ -+ 0nYn
with > 6 =1;6; € {0,1}
It yields:

' = yo (d0x) + y1 (612) + -+ + yn (dn)
Let z; = ;x. using the linearization of the product of a binary variable with a continuous one, it yields:

/

A

B T Y
T = E: %%,x—hﬂi%—y+17l
1€{0,...,n}
zi <2
vi zi > X,
Zi S Xr — :Z‘(l — 52)
16




17

neutral!

parse neutral model elements

v

specialize and compose a system

symbolic manipulation:

summary

models are represented by graphs

1

efficiency /

S TP
i ap£llcat|on specific! ]
| |
| |
: discretize time I
| . o
| linearizatjon patterns
|
l Y | rho_air [€&—— *
|
| linearize l
| J i
I |
| : _
|| add application specific elements |
|
|
|
: ¥ i
| project to an application :
: | Rventilation{i}
\--__ - - ;

GIAC has been used
(Bernard Parisse,

Fourrier Institute,
Grenoble)

0.61

ventilationAirFlow{i}

Cp_air

Rventilation = 1/((1-efficiency)*rho_air*Cp_air*0.61*ventilationAirFlow)



application example



. G."SCDP a first version of composer exists...
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G2€1 Y ... multi-application capabilities are coming
,/ Lo L

Gren
Sr ol

Bablaf) SML composer 1.0 dev - predis-mhi
File Edit View Solver Tools Help

Workspace | /Users/stephane/sml-workspace

| | —
Models

Composition

SML models
& AirTreatmentUnit
- /? 4@ Co2Comfort

<& Co2Zone
& Equipment
4 Objective

<3 PrwaarSiinnliar

Compositions

5% predis-mhi
_| &% predis-mhiMB

»~

Solutions

ill predis-mhi_2013-04-05_16-53-33_solution
ill predis-mhi_2013-04-19_10-57-17_solution
ill predis-mhiMB_2013-04-17_17-01-07_solution

1centratio unﬂgunﬂou?
: configuration3
co2Concentration [ i

co2Zone
co2Comfort

Powered by Vesta-System, 22 avenue
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‘Doyen Weil 38000 Grenoble, FRANCE Web site: www.vesta-system.com Contact: info@vesta-system com‘



_GASCOP
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_GASCOP
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GASCOP

conclusions

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

(ergonomic)

* pbut 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: grar

2manipulatior

ularity canr

(other grar

ot be changed by formal
ularity = other neutral model)



modeling occupants



GA5COP assessing the impact of energy
management

External
. . . Environmental
using co-simulation Conditions
Envelop and
Appliances
actions (setpoints, physical physical
reconfigurations), variables variables
physical influences
90 ¢
Building Energy
Management
System energy costs,
unbalancing | Power

requests Suppliers

commintments,...

24



GASCOP

Local Behaviour Global Behaviour
(Personal experiments) (IRISE Database)

modeling process

Energy
Consumption

Weather, Season,
Weekday, Weekend,
Holiday, Day Time,
presence of occupants,
temperature etc...

Environmental

Perform specific Turn on/off the
actions e.g. open door | gnpliance e.g. electric
of fridge, put food cooker...
inside etc.......

How the cooking activit
effect the

consumption of fridge

Why the cooker is used
more on a particular
day?
Because there are

guests at home....etc
25

variables Level 1
Actions on
Appliances/objects Level 2
Relation between |
appliance usages Level 3
Reasons behind Level 4

certain actions



GSSCOP —
validation process

- Parameters/ Parameters
. Season/Weather
. Weekday/Weekend
. Tune the values
*  Relational Parameters €
. Cooking Activity
\/ *  Reasoning Parameters
» ) - . Arrival of guests
— *  Social Agreement
Home Appliances
> ' _
Statistical analysis e | e
of consumption T T
Consumption —E—
Distribution curves Emj
— ety e ey
Improvement of P
behaviour model )
l Perception ofhllger'
Behaviour Model
simulate
@ | Qe QI 9 (ﬁ) QI o Q @
ey [pu | | |omsa [oevia .“.Hf.;-:h;.: -] [
Appliance transfer compare
9 0 0 o 9 9 function
W | WEW . [ WEW | WEW [ WEW . | W W [ ... L | T T
| pa:study | pa:study | pa:study | pa: study | pa: study | pa:study | pa:study [ pacstudy | | pa: study
Consumption
26 Brahms Multi-agent System Distribution curves




5iSCOP assessing the impact of energy
management

27

Appliance
e e e e e e Consumption
i react
> Pl —
Non-eco |’ simulate | = " ;
actions !
Brahms Multi-agent System RN E A
% modi Y
influence \ 4
demands Energy
Consumed
Inhabitant’s do not adapt their Manager
behaviour Energy

Inhabitant’s adapt their T

behaviour Energy compare
demands
Manager influence l
advice
: =l Consumed
e Il Do B e AEC Ere BhESE
= ==ig= ¢ react Energy
> _ A
Eco = i . Perform [5
Behaviour == e i== simulate | Feb=ieb=EsEniEE 5] actions | @™ 9 @&
Brahms Multi-agent System Dwelling syste; _
- Appliance
Consumption




£5COP is there an unique
global modeling language?

Behaviour model implemented into Brahms

—

File Edit View Model Build Run Options Window Help

3 @@ RRE o[- M @l - ié@@wg@%:@m@,@,@i

> Believes, workframes, thoughtframes

Agent Model Q B X ‘[b) *wifeb x [ groupHouse2000912.b X [ Husband.b X ‘ 4 b @
@op @ agt {3 xag | i activities: -
= ™ BaseGroup communicate communicateAskToHaveMeal() {
+-parents max duration: 25;
&-member groups i .
- " CalendarUtiiGroup with: Husband;
™ SystemGroup about:
Bv--ﬁ_. groupHouse2000912 gsend (current.wantToEatOut = current.wantToEatOut),
| Gt-parents send (current.communicationStarted = current.communicationStarted); =
b member groups =
[E}-member agents when: end;
! - ) agentFridge }
I
- Husband & ™ t . t
- pho Physical Model of refrig pl d
L2 broadcast announce_cooking belief() { SiCa odel ot rerrigerator impiemente
[-relations random: false; 1
| -vlnm.avl f«_incts and beliefs| max duration: 1:_ I nto M atla b
| -activities —
jorkframes about: —— h' — S
~WWirtual Machine shared\matlal -m -0 2
= send (current.coocked = current.coocked);
- ffl) groupTime hen: end: 16 % Mfood=u(4): B
~member agents waen: ends 17 - | Cfood=Mfood*Cpuwater:;
@-attributes }
[}-relations 18 — Troon=15;
B}-activities 19 % TnewInit=65; .
broadcast announce_get ready belief() { 20 % Tnew=65;
random: false; il |= Mnew=1; % in kg
max duration: 1; 221 = Cnew=MNnew*Cpwater;
about: #E|= taul=4*3600; % dynamic of the fridge in s (4h).
- =,5% . i i i i i =
send (current.announcedReadyBelief = current.announcedReadyBelief); 24 tauz=.5%*3600; % dynamic ?f the new food introduced into the fridge (30min)
h 25 rho=2; % (greek letter) is the performance factor of the heat pump —
when: start; 26 — | phicool=50; % 400V (2000 of electric power) —
} 27 - | Tset=s; -
== sigma=1; =
broadcast announce_weather() { 29 — fFlag=0; =
random: false; 30 =
max duration: 1; L= Reolose=taul/Cfood; e
abo;t: = Ropt-an=Rclose/ 100; » ‘
33 = Rfridge=Rclose; % corresponding resistance
send (current.beautifulWeather = current.beautifulWeather); 24 — Rnew=tauz/Cnew:
when: start; 35
< = I } 36 — Alclose=[-1/ (Rclose*Cfood) ] ;
I 37 — Blclose=[-rho*phicool/Cfood 1/ {Rclose*Cfood)]:;
' VV.AgentModel _ Runtime View < | L1 38 — [Alclose,Blclose,Cl e] =ssdata(c2d(ss(Alclose, Blclose, 1, zeros(1,2)),Te, 'zoh'));
=ady line: 3 39 =
— 40 — Alopen?['—lf (Ropen*Cfood) ] =
1 A1 = Blopen=[-rho*phicool/Cfood 1/ (Ropen*Cfood)];
42 - [Alopen, Blopen, Clopen,Dlopen] =ssdata(cZd(ss (Alopen, Blopen, 1, zeros(1,2)),Te, 'zoh')): =
43
44 - AZclose=[- ({Rnew+Rclose) / (Rnew*Relose*Cfood), 1/ (Rnew*Cfood);1/ (Rnew*Cnew),-1/ (Rnew*Cnew)];
5] = BzZclose=[-rho*phicool/Cfood 1/ (Rclose*Cfood) ;0 0]
46 — se] =ssdataicZd(ss(liclose,B2close, [1 0:;0 0] ,zeros{2,2)),Te, 'zoh')):
47
48 — AZopen=[- (Rnew+Ropen) / (Rnew*Ropen*Cfood), 1/ (Rnew*Cfood):;1/ (Rnew*Cnew),-1/ (Rnew*Cnew)];
49 — BZopen=[-rho*phicool/Cfood 1/ (Ropen*Cfood);0 0]:;
50 — [AZopen, BZopen, CZopen, DZopen] =ssdata(c2d(ss (AZopen,B2open, [1 0;0 0], zeros(2,2)),Te, 'zoh')); m
51

SershwinDimensioned_Fra... x | GershwinDimensioned_Fra... ><|| ffR.m x| fridgeCompressor.m x| fridgeStatem x







