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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

© ©0 0 O

Rising cost of fossil fuels

li> Targets for the EU in 2020 :
* >20% énergies renouvelables
e —20% greenhouse gas emissions
* +20% energy efficiency
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From smart-grid to smart-home
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Motivations: Smart-home

o Improve the consumption and local energy production

Maximize occupant

comfort, taking into - \

account resource
constraints and energy
rate
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Buildincr:; Energy Management:?
Principle

comfort

maximizing
energy efficiency

cxpectations

physical variables

(temperatures, ending times,...)

reactive resources supervised services anticipative resources

home services

NegaWatt resources




Energy Management Platform
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Three-layer architecture

Anticipative layer

time

_user behavior prediction >
 weather prediction > opltmxzat_mn

—— : solver using
( anticipative models of services D MILP
cost models D)

consumption plans

Reactive layer

Y

( solver using list
algorithm
( reactive thodels of services .

012345656739 0123456789

model

measurements short-term set-points
Local layer
v
( SEensors ) ( local controllers )

measured vanables controlled vanables

01234567809 fime

Appliances
(sources, batteries, loads)

1] time

Anticipative layer

11



Meécanisme de pilotage de multicouche

Anticipative plan
:“‘I ":

Anticipative layer
 user behavior prediction > ]

 weather prediction > opltmxzanon
solver using
( anticipative models of services D MILP

cost models D)

consumption plans comfort
Reactive layer model

Y

( solver using list
algorithm
( reactive thodels of services .

( SEensors ) ( local controllers )

Appliances
(sources, batteries, loads)
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Energy supply

Subscription contract
E(k) < P(k)A

Energy pricing - option 1
C(k) =c(k)E(k)

Energy pricing - option 2

C(k) =¢, min[E(k), E, (k)] +¢, max{0,min[ E, (K), E(k) - E, (K)]}
+¢, mex[0, E(K) ~E, (K)]

P(k)

Option 2
E[m]
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Permanent service

T .. (1,Kk)

max

Tmin (I’ k)

PRI
Thermal model 1 e
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Tin(i,k+l)—e T(”T(i,k)—G(i,k)(l—e T(i))E(i,k) A

T T

~(-e )T, (0K -0, (k)€ ) =0

Discomfort criteria
( Topt (I' k) _Tin (I' k)

T (1,0) =T, (0,K) si T, (i,k)<T,,(i,k) )
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T . @1,k)-T(i,k) " oPt Piecewise linear function of thermal dissatisfaction
- P (1IS07730)
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Temporary service

E[w]
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Energy balance and objective function

Unsupervised services

Energy balance

E(k)= Y E(ik)+

e SRV,

2 4 Objective function

_T—l B 1 _ _ _
J —I(Z:(:)C(k)E(k)+-Z a(i)+_z () L;;/Piz(;a(l)D(l,k)+ie§/Ta(I)D(I)

energy cost discomfort
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Classification of uncertainties

Parametric uncertaintis : uncertainties modeled as intervals

Y rfext(i,k)e[Text(i,k)—'fext,Text(i,k)+'fext(i,k)][°C]
S és(i,k)e[CDS(i,k)—CfDS(i,k),CDS(i,k)+Cf)s(i,k)][W]
1 G(i,k) e[G(i.k) - G(i.k),G(ik)+ G(ik)]

g . %i. d:(i.)e[d(i.)—oTA(i.),d(i.)Jr&A(i?][s]

S T |P(i)e| P(i)-P(i),P(i)+ P(i)|[w]

—e E,(k)e| E, —E, (K),E, + E, (k) |[W]

d Uncertainty of occurrence : The uncertainties concern the
= starting of the non-programmable temporary services Zpr(i_j) =1 Vi
W EW] €[] E[w] ; !

1
Pr(i.0),Jd Pr(i.1), SRV (i.1) Pr(i.2), SRV (i.2)
S
SRV(i) SRV(i) .
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Taking Iinto account uncertaities In

optimization problem _é@g

Resolution approach

Parametric Uncertainties of

> uncertainties occurrence

@  Difficulties @ Difficulties
Capacity to guarantee the —
performance of the optimized plans How much energy is it necessary to

towards the uncertainties? reserve for this type of service?

Robust approachs Stochastic approach

[ Multiparametric programming « Stochastic programming
Robust formulation of Bertsimas
and Sim

( Scenario robust approach
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Building Energy Management: G-
homeTech
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Platform PREDIS — ANR Project
ReactivHome




Study platform
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Sensors and actuator

Controllable pl
Wattmeters Temperature and ontrofiablé piugs

humidity sensor
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Conditioning)

Eau chaude
Industrielle

.|
Air Rejeté

WMC Double Flux

Batterie Chaude

HVAC system

System HVAC (Heating, Ventilation and Air

Air Neuf

Il O )
- L)
Air Rejete |

Plateforme MHI

Tint

Mode Free cooling

Plateforme MHI

Tint

WMC Double Flux
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Energy Management System
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Energy management : principle

MILP-
Workshop

Optimal
setpoints

Controlled

Mechanical

Ventilation

* operational mode
e air flow

Predictor

Estimator

* temperature of adjacents space
* users’ occupation
e parameters of thermal model

CO2 rate model
Envelope model

Hot battery

CO2 rate model
Envelope model

Hot battery

\\

Objective function

CO2 concentration

|:> Inside temperature

Energy consumption

(heating
+ventilation)
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Thermal model

Classroom i Wi
' 1. iLWW_
e IR
’l' " e DD

L) = AT, (1) + BU(1)
Tn(t) = C.T,\(r) + DU(2)

T
U= I Tw.rz'ﬂ' ¢h ‘iﬁu '?f'e ¢'5 Tep T.';hed' Tr.rf fice Tmr Tﬂm' ]

A= R _ 1 _ 1 _ 1 _ 1 _ 1 |
Cw | Rw(Ry+R,y) R, Ryoid R.e,r: R e Ra:-_r'ﬂ.-_'e Regr

B _ 1 [ ] R, K, R, R, | 1 ] ] _ | J
- EmR Kyatd Ry +R, Ky+R, R, +R, Ry +R, er—,r: K shad Ru_r’ﬂue Reor Ry+R,
—_ ¥

C - R“-+Rll

=B ]0 1 1 1 10000 & |

D= R, +R, Ry
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Parameters identification of thermal model

Identification with mesurements (23/02/2012 — 28/02/2012)

Classroom Office space

Temperature Comparison

Temperature Comparison
35 \ I \ I I 45 \ \ \
‘ | ‘ | Tbureaux | | i | Tinfo
Tcouloir ! ! ! ! L ICOUIO'F
| \ [ ! eprech
—— —Teprech 401 ------- CR T il il ey T vl Tshed ||
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9 251 || we— Tintmodel || o
g — — Tsoufflage g |
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SRV IR NI AR VAR RV | 1 YIRS 1
T e et af et A
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Classroom ¢ 31920-4  4,7296€6 0,0109 0,002 0,0064 9,6451e-5 0,0124 0.2651
Office space 4 1186e-4  4,0728¢7 0,0115 0,0030 0,0322 9,6442e-5 0,013 0.1506




Controlled Mechanical Ventilation (1)

R,
F [ " i
* Free coolin R
R = g 1 :' Rﬂfﬁ:/\/\/\( Ivvvj\(
’ Pair CuiT‘Q ‘ 2. R%
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COZ2 concentration and objective

function

CO, concentration evolution inside the room

auedaar air indoor air
euchanged air
(.!r-..l'r' I!I:.{'.I'.lr'r'
e cxpired air: 4 to 3% of 02 (-Tr-.r-pr_’_‘t',:u
T expired valume of air:
C-!:..-'r'l"'f by * &l of air per minube at casc
* 2l 1500 of air in activity
Adpprn in volams for 2001 density for CO2 0 | ETg]
dgin-ﬂ'l‘.‘]z _ c-iQerc:{(k-“j‘l;' + Qbrs'ikﬁj . N CEZPCG:QI’JF‘E{A:&] Cﬂutﬂf}zc-i{k]gezc,-i{kﬁj
e Ve Cincos T Vi

vk, Y Gk =1
Objective function

T-1 T-1 T-1

J4a> CREKYHA D S a@D, k)Y Ceo (k)
k=0 ieSRV k=0 k=0

energy cost

thermal satisfaction

CO, concentration
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Optimization input

- Predicted ouside temperature —_— Occupation -
302,5
20
300,0
19
297,5 18
295,0 17
292,5 16
290,0 15
14
287,5
@ 2850 .
=7 ¢
= g 12
= 283,5 T
=2 > 11
= =]
S 280,0 £
] =10
g 7
& 3775 U o
o
275,0 2]
272,5 7
270,0 6
5
267,35
4
265,0
3
262,5
2
2680,0
1
o1 2z 3 4 5 & 7 8 9 10 11 12 13 14 15 15 17 18 19 20 21 22 23 0
Variables In Set 01 2 32 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
B \Weather_temperatureCfyoid B \Weather_temperatureOfShed © Weather_temperatureOfEpResearch Variables In Set 32
Weather_temperatureOfCaorridor M Weather_outsideTemperature B Roomcalendar_jnformaticRoomOccupancy B Roomcalendar_officeSpaceOccupancy |



Setpoints given by MILP-Workshop

= Operational mode of VMC - ~ Temperature setpoints

302
1,00 301
0,95 300
0,90
0,85
:: AEEk exchange

0,70

0,65

0,60
0,55

0,50 /

0,45

040 High heat
exchange

Resulting Values
Resulting Values
I I

0,35
0,30
0,25
0,20
0,15
0,10

0,05

0,00

-0,05

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15 17 18 19 20 21 22 23
Variables In Set

o 1 2z 3 4 5 6 V¥ B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

. . ) - : - Variables In Set
B InformaticRoorm_configuration[0] B InformaticRoom_configuration[1] & InformaticRoom_configuration[2] 33

B InformaticRoorm_roomTemperature B OfficeSpace_roomTemperature

InformaticRoom_configuration[3]




Estimated consumption and energy
cost

e g P e Y Energy cost
& 000
0,90
5 750
5 500 0,85
5 250 0,80
S 000 0,75
4 750
0,70
4500
4250 0,65
4000 0,60
9 3750 .
% 3500 TJU !
= >
o 3250 o 050
= =
= 2000 =
= S 0,45
1] w
U 2750 u
= & 0,40
2500
2 250 0,35
2000 0,30
1750
0,25
1500
2
1250 0,20
1000 0,15
750
0,10
500
0,05
250
] 0,00
o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 01 2 2 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Variables In Set Variables In Set 34
B InformaticRoom_roomPower B OfficeSpace_roomPower B powersupplierHCHP _hourCost




Estimated CO, concentration

Resulting Values

0,00425

0,00400

0,00375

0,00350

0,00325

0,00300

0,00275

0,00230

0,00225

0,00200

0,00175

0,00150

0,00125

0,00100

0,00075

0,00030

0,00025

0,00000

Results

o1 2 3 4 5 o 7 8 9 10 11 12z 13 14 15 16 17 18 19 20 21 22 23
Variables In Set

B InformaticRoom_co2Concentration M officeSpaceCoZcomfort_co2Concentration
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Experimental results (1)
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Experimental results (2)

y=0

y=0.25
2o 7 =05
2,050 y >0.75

Case 1: energy pricing option 1

>(h

2,025
2,000
1,975
1,950
1,925
1,900
1,875
1,850
1,825
1,800

Reference
case

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

1,75
1,50
1,25
1,00

0,75

0,50 k ) /]
3 0,25 AP h A A days

— < - 2

0,00
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
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Experimental results (3)

Case 2 : energy pricing option 2 y =0
— y=0.25
y=0.5

y>0.75

eference
case

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

0,13
0,12
0,11 e - e
0,10
0,09
0,08
0,07
0,06
0,05
0,04
0,03
d 0,02

0,01 days
0,00 >

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

1 75%
1100%
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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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