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injected to network, (€/kWh).

Abstract- This paper focuses on Energy Management System  Jeom Total comfort criterion.
(EMS) applied to theresidential sector. The EM S architectureis
proposed. It is composed on three layers: anticipation, reactive  y(j k) comfort criterion of each service i
and device (local) layers. However, to validate global control during
algorithms, a simulator capable of interoperating with energy iode Kk
management systems must be used. This work presents a perio e, o
solution for real-time smulation with a networked system that  Jecg Ecological criterion.
manages energy flows. It makes it possible to perform fine Tout The temperature outsiede the room [K].
simulations of the physics, including fast dynamics of electrical T, Instantaneous temperature in the room i
appliances imbedded on the buildings. This paper deals with [K].
computing the starting times of some services in one hand and T, The temperature outsiede the room [K].
in determining set points of others on other hand; the maximal . .

Top The optimum heating temperature [K].

power constraints and predicted events are taken into account.
A Satisfaction Problem formulation has been proposed. So, the
purpose isto maximize user comfort and minimize energy costs.

Kheates Ksun 7
gDheater

Constants.
Heat flux given by the radiator.

An application exampleis presented. Deun Heat flux of sunlight through the
NOMENCLATURE window. _ ,
) ) G Air Heat capacity of the room i [J / K].

t Sampling step time, [second]. Cm Envelope heat capacity of the room[J /
i The service i. K].
k The number of period Period. SF Window Area [m?).
A Sampling time of the anticipatory layer. RsT Washing machine requested starting
Epv (K) Energy produced locally by the time.

PV[kwWh]. The equivalent total thermal resistance
Econs (K) Total energy consumed by the load between the room and outdoors.

[kwh]. ay...aq by..ly Constants.
E (i, k) Energy consumed by the service i f(j) The end effective date of the operating

during cycle of the shiftable service.

period k [kWh]. Dot End date desired by the user of the
Ep (i, k) Energy produced by the source i during shiftable service.

period k [kWh]. s(i) Effective execution date of the shiftable
Es Consumed energy by the shiftable service.

service [kWh]. P. This variable stands for any variable
Pov (K) PV power produced locally [W]. that could be PV, grid power, or load
Psor (K) Solar radiation energy [W]. power if calculation is valid for all of
P, The average power consumed by the them.

service the periodk. [W]. y( (,K) This variable stands for any service that

p<1 Efficiency of the PV installation. could be hearting service or washing
S Capture area of radiation (m2) machine.
Tco, (i,k) Is the volume of CO2 emitted during
the period k.
Ceot Total cost of the system (€/kWh). [. INTRODUCTION
Cauto Self consumption price (€/kWh). HOME automation system basically consists of
Chougnt Bought energy price (€/kWh). _ household appliances linked via a communication
Csol Purchasing price for PV production ,oyvork allowing interactions for control purposgs].



Thanks to this network, a load management mechan@m simulation models for building is proposed in sectV. At
be carried out: it is calledistributed controlin [2]. Since the end of this last section results are presented.
then, several studies have been conducted in todeesign
an optimized electric energy management system tble
determine the best energy assignment plan, aceprttin An important issue in the problems of home autoomsais the
given criteria. In [3], analyzes of the load maraget uncertaint_y !n the models and in the _predicted dakeh as
techniques are well defined in great detail. [4¢gents the Solar radiation, temperature or services requestgdthe
design of a generic Energy Management System, wisichoccupants. _To splve this problem, three-layer afgqmre is
scalable to any application requiring managementrafrgy Presented in “Fig.2” (see [8]): a layer of antidipa, a
acquisition from multiple energy sources, energlvdey to reactive layer and a local layer.
multiple energy users and storage of excess enrgge or e Anticipative layer Y
more storage devices. According to [5], EMS cordain
methods that coordinate the activities of energgsamers
and energy providers in order to best fit energydpction
capabilities with consumer needs and, in this veaiding
energy demand peaks, which generally have adverse
environmental impacts and increase energy productists.

In this context, an energy management system (EM\S)

Il. ARCHITECTURE OF THEEMS.

Optimization
Using MILP

Production/Censumption energy plans

Reactive layer

Reactive
solver

User’s behavior

been developed; it is composed by three contrariays]- ( Weather

. . . \e —
[7]. These layers are composed by: an equipmeset layith Vieasuremetts Setpoints
local and fast control mechanism, a reactive laygrich is Local layer )

triggered when energy constraints are violated, amd \[ sensors ] [ tocal contrliers ]J

anticipative layer, which adjusts future set-pointf [ : s

appliances in order to tackle energy events that ke

foreseen. Fig.2: The multi-layer system of power management.
The electric architecture is given in “Fig.1", repenting 5 Anticipation mechanism:

the duality sources/loads in the presence of PVegion  The anticipation layer includes control that opesabn
and Grid connection. The electric system is managed ayerage quantities associated with long periodstimg
three layers control system (Expert and Predictivid)is (typically 1 hour) in the EMS. Its objective is tolan
architecture facilitates the energy flow managenisttveen production and consumption of energy over long time
components. The building can be supplied by anycsoor covering typically one day. The prediction is based
combination of sources. The possibility to reschedome \yeather forecasts and on user programming for apgis.

Appliances ]

controllable loads in the day gives a more flexitatrol for If consumption of all facilites can be anticipateit! is
system. possible to plan and schedule their operationslimace. For
oid Solar Panels example, for an electric heating service of a romm, can

Exogen factors
(weather, ma_rket. 2

calculate the duration and the amount of overhgatin
"anticipated" which will reduce the consumption idgr a
period where power is unavailable, restricted orrano
expensive. For the case of a time-shifted servicd s the
service provided by a washing machine for exampke can
I delay or advance its start to shape the overalswoption
i D@ [9]

B. Reactive mechanism:

Power
production contro;
board

______

Power delivery
control

I

board ¢” ——— Because the anticipation m_echanlsm work; W|tr_1 yera
P L D | Aceeenca F values over relatively long periods on the basipredicting
Controllable [Cooe]| Oza]| E Pl e’ Measurement Flux . .
loacs O % (¥ = BommendFiu energy needs, a finer level to respond to disturban

(modelling errors and errors of prediction) is resaey. This
level operates with a short period of time (typicdl minute)
comparing to the anticipation layer in order to méee
The rest of the paper is organized as follows. $&&tion criterion of comfort for the occupants and the citya
Il is devoted to the description of the EMS arctiite, constraints of energy sources. Practically, if thetual
which consists of three control layers. Sectiondils with  gjtyation deviates too much from the anticipatidanpand
the validation issue of EMS and gives a proposddtien: exceeds energy resources for example, the redaipee will
validation through real time simulation. In sectit, a respond by shedding the consumption of certainiapgs in
application example is modeled. A case of studingi\some order to satisfy feasible energy balances. Sinegithe scale

Fig 1: Muti-sources system and sources and loagsartagement system
architecture.



is small compared to the proactive mechanism, adjists available data and an in-situ validation with lesilable
calculated by the reactive layer remain negligifile the data is much easier to tackle.

proactive layer which only calculates average \alifethe The test environment in “Fig3” consists of two cargys
predictions were consistent with the actual siarafil0]. and the real-time simulator RT_LAB. The first cortguis
used to design simulation models of a building esystand
also to visualize simulation results (see section Yhe
second computer is a control station which is daéit to the
EMS where the communications is handled via the /TRCP

C. Device mechanism:

This control layer is the one with the fastest dyits. Its
goal is to apply set points, computed by the gudition layer
and possibly adjusted by the reactive layer. Fan®gle, in a .
thermal environment, this mechanism aims at maiirtgithe protocol (see s?ctlon V).
temperature to values close to temperature SEtIOIN e ma—e
temperature. This mechanism is provided by appdianc i
manufacturers and not modified.

— CP/IP
g, Feedback
: Host PC2

Such an EMS must be validated on a fine simulatibah '
because the algorithms for managing energy flowsbased P
on simplified models. This work presents a methoglp T_Tﬂm_
used for these fine system simulations. Initialiyy, modelled Control/Command

a multi-source and multi-loads home to validate ghebal

control algorithm. The modelling has been done fe t )
The EMS must be able to act on the simulator. A

MATLAB / Simulink environment supplemented by a >
specific real-time library [11]. communication tunnel has been developed to trartsfer

commands of the EMS to the simulated models (under
1. VALIDATION TOOL OFEMS. RT_LAB), and to transfer the state variables ofsheulated

To validate the EMS by a fine simulation, some peois models to the EMS
have been encountered. The EMS and the physicalation To achieve this goal, the architecture shown in] [53
use different solving platform. For instance, thMIEis a designed to establish a socket for each modeli¢ggnthen
Java application coupled with solvers whereas timulator to take orders and measurements via this sockeach E
is not available in Java. For this purpose, modiels service simulated in RT_LAB has a counterpart i ¢nergy
MATLAB/Simulink, TRANSYS [12], Energy+..., are management system; correspondence is done by ttie po
usually used. The second problem is the synchatiniz of number of each socket. This package has been ¢eekia
the EMS with the physical simulator. Indeed, aceetl time Java.
requires shared clocks. The fine simulation is tasa V.
detailed physical models, hence the need for alargpugh
computing power, which is not necessary for EME. Scheduling problem of production and consumpti@merfgy.

Therefore, in this work, architectural solution psoposed For the optimization problem of energy flows, asmsce
‘Fig3". The EMS is interfaced with the simulationodel assignment plan is defined by the anticipationid$8]. It is
running on real-time platform (RT_LAB [11]) with B#rnet cajculated using a set of methods to coordinateatitivities

Fig.3: Conceptual schema of a Real Time platform

MODELING PROBLEM INEMS

communicr_ation._ _ of consumption and energy production to optimize tost,
A real time simulator has been chosen for the %@ comfort and ecology criterion, satisfying the coaistts of
reasons: the system. The consumed eneigfy,k) for each service

- Validation can be done before the building carstton  guring each period, is calculated to optimize the criteria
because the sizing of some appliances (like HVASIeSWS) etailed below.

depends on the results: the simulation of somec#ypdays
has to be done during the design phase

- _Reference results are needed because _Wlth actuabmt = ~Cauto MIN(Epy ; Econs) *+ CooughtMaXEgons — Epy 10)
building systems, sensors are usually not propsliprated

- Economic criterion:

and data may be not accurate. A reference simulatiovhat ~Cooig MaXEpy ~ Econsi0)- @)
the results should be is useful. Powsr  Sellback

- Among the sensors, some have to be used fordaherp impUSSib'Wble ressources
management and some others only for the validation. ares consumad power
Validating on an actual building requires design of )f? O
communication interfaces for validating sensorss lasually / : :
a difficult task because of the diversity of comrication EE 1 B i
technologies and, in addition, some sensors mayhawt ! !

purchase  zelf-consumption  purchase

communication interfaces. Detailed validations witis of price price RHiES
Fig 4: Strategy of energy purchasing



K
- Comfort criterion  Jgom(i) =D y(i,K) )

k=1

- Ecological criterion: Jecg = 7o, (i, K) X E, (i, k)

®)

The problem of energy management is a problem of

optimizing multi-criteria whose criteria are comtigtory. A
solution satisfying all the constraints of systemsist be

determined and a best compromise between the eifferconsumption during a periodAk is

criteria must be achieved.

Sources and load co-management used in the EMS

formulated as Mixed Integer Linear program MILP-[B].

The problem is formulated and implemented in J&vahis
paper, we present just the mathematical formulatimodels
before the linearization, and then the equationsmérgy
optimization are presented.

B. Control model.

The anticipation anticipative layer computes
production and consumption plans. These calculatiare
carried out based on the general model of the Pitemy
integrated to the grid via the host building. Tha&gan be
considered theoretically as a permanent power sowith a
given voltage and frequency. It is possible to exge the
total PV production or its surplus according to regye
purchasing and selling policy. It is possible tedgict the

the

In order to define the set point temperature fochea
anticipative periode\k, the anticipative layer calculates the
thermal satisfaction as a function of temperatgréotow:

, {aJm (ky+bif T (1K) < Top
yr (i,k) = , : _
al k) +b, i T, (k) 2T,

2) Starting date of timed services:

A timed service is modelled as an on/off servids. |
then modeled

byES(i,k)D{O,A xPi} where Pi characterizes the average

Sfﬁver consumption of the service. It is possibleshdt this
service in a time range to search for an optimatation date
according to the optimization criteria [8].

E'(,k) = (Min [f(),(k+DA]-
Eq(i,k) ={Max [s(),KA)PG)  if E'(i,k)>0
0 if E'G,k) <0

When the energy source is sufficient for all thenetd
services requesting energy, the starting tstigis equal to
the requested starting timRST(i). Nevertheless, an issue
appears when the available energy is not sufficfentall.
Some services must be delayed or executed sodmeeains
the actual starting tims(i)2RST(i), and this effect decreases
the user comfort but may increases the economtericnn.

(5)

pt

(6)

average production capacity (by using statisticald a The comfort criterion is expressed as follows:

forecasted data) over an interval of discretizafmistep of 1
hour). Notice that the storage system is not taken
consideration here.

In general, loads in buildings are composed of non

controllable and controllable devices. By non coltdble, we
mean autonomous devices like freezer and by cdaittel we
mean systems, which can be delayed or dispatchaduding
machine, heaters.... In this paper, we considereg tmd
controllable loads, which are defined as power oonsion
of medium consequence and flexible scheduling ¢that be

1 if  s(i)=RST()
ys(i) =<ags(i)+b; if s@)<RST() @)
a,s(i)+b, if s(i)>RST()
Total of energy consumed by loads for one period k.
Econs= z E(.k) (8)

C. Optimization problem.
The EMS is a multi-objectives optimization, whetee t
anticipation control layer tries to maximize thetato

rescheduled to other times of the day (likely waghi satisfaction of services:

machine, dryers, and hot water heaters etc.).

The anticipation layer makes plans for energy alions;
which it consists in determining both the startidajes of the
timed services, and the set points of the permasemntices
mainly composed of HVAC systems of which the sdtiso
correspond to temperatures.

1) Set point Temperature:

Anticipation requires a relevant thermal air eamiment
model to predict the consumption of HVAC systemc&iese
of the importance of uncertainties in predictiotise simple
thermal dynamic model presented in [14] has beefemed:

90® _pyy-L -
i dt _R(t) R(I-ln(t) Tout(t)) (4)

Pi stands for the average thermal power provided &y th
heater during the periatk.

K
Maximizez ¥, (.K)

)
k=1
And, at the same time, to minimize the total enargst
Minimize C; (10)

Global criterion is a compromise between comford an
cost. The criterion that results from the aggregationtveb
types of criteria: economic criterion determinedthg total
cost of energy and comfort criterion function oé tthermal
sensation of the heating services and the shifingming
services are:

K |
3= D Ca) =D ¥y (.K) (11)
k=1 i=1

Economicciterion

Two scenarios can be used here. For instanceirghemne
when the energy cost may be set and be considevesl a

Comfortcriterion



constraint. For example, consider an economic mmekere
inhabitants accept to decrease the comfort levelrder to
reduce the energy bill. In the second scenario,
comfortable mode is preferred by the EMS, which ante to
search a solution based only on the comfort caterSo, the
EMS system then selects the best solutions basethen
preferences of the consumer.

As it is mentioned in section I, reactive managatne
actions can be carried out preferably in followarder:

- respect as well as possible the anticipative pkfindd
by the anticipative layer, the assigned energyefrh device
is equal to the value pre-defined by the anticigatplan.
Whenever an unpredicted event occurs, it is impbffia the
system to re-assign immediately the energy to fgatise
demand. Then, a new operation plan needs to beutepy
the anticipative layer:

K |
Minimize J =| > (Cige(K) = Dy, (,K)) (16)
k=6 i=1

Economicciterion

Comfortcriterion

whered is the beginning of unpredicted event.
The initial conditions are the values of variabtdgained
at (¢-1).

V. CASE OF STUDY. SMULATION MODEL FOR BUILDING

To validate the precedent optimization approach, we

modeled the building more finely on MATLAB / Simok
(Host PC1 see “Fig3”). This model contains the gtiiet PV
panel and three controllable loads: two modulard$oa
(heating and fridge) and shiftable load (washingnirze).

A. Sources simulation model:

The distribution network is modelled by a simpldtage
source controlled by a switch-on current (limitecthe value
imposed by subscription). Regarding renewable spuitte
PV system is sized with 2 KW peak. The power geeera
Ppy is p=10% of solar energy radiatd®l, measured in real
time based on weather data every 10 minutes froem@e
(France). Hence the PV model is written as follow:

I:’PV: p-SPsoI

1500

17)

1000

=

|
)

a
0830 1030 1200 1330 1500 1630 1800
Date (hours)

Fig5: MATLAB/Simulink PV simulation model.

500

B. Loads simulation model:
To illustrate the results of the optimization okegy flows

tirethe building, we modify the behaviour of someattical

appliance.
TABLE I: LIST OF MODELLED EQUIPEMENT

Name Power max (kw) Modelled as
Heating 1.00 permanent service
system unit

Fridge 0.10 permanent service
Washing 2.40 timed service

1) Heating simulation model:

In this example, the heating service is providedsngle
heater 1KW. In the real case study, this serviggadsided by
heaters in each room of the flat. The chosen miodgl5] is
finer than the model selected by the managemeriersys
This is a first order linearized model [8], wheregisulink
models are not linearized. In addition, they depemdeveral
factors such as the structure (surfaces, heightalls,w
insulation, windows, the outside temperature, thwars
radiation...). This thermal model can be formulatesl a
follows:

dTTi (%ﬁu_rqu _rlc . 1 1 SF|[Tou
t | = v Tm4 m-i in 4 - ¢ llo
dT, 1 1 {Tm} rmoq % % "
T I o,
(18)

2) Fridge smulation model:

The fridge and freezer are thermal services whose models
are closed to the one of a room with heater excepthbatun
has no impact.

out_temp °C

w273 AS

Froduct

thermal model
frige_pawer

=set point
temperature

the commande

- TH K I

fridge_temp

Fig 6: MATLAB/Simulink Fridge model;

3) Washing machine simulation model:

The behavior of the washing machine is modeled by three
cycles whereas the model used by the EMS has a aely o
cycle operation (see Fig7) [16].



artt 2an0 =
[Temp_demamage Pout '.-‘
8 sooo -}
‘owver_out
- ol 33
Fiom lave_Linga Enerqy_out GO0 feof ]

ON_OF H

Powver (vy)

-
=
=1
=

Model Washer

4]
=]
=

=4

0 3 354 453
Time (hours)

Fig 7: MATLAB/Simulink washing machine simulationodtel

TABLE II: ENERGY DISTRIBUTION AND THE AVERAGE LENGTH OF CYCLES
Cycle time (mn) Power (W)
Temperature 30/40°C i
Cycle average length 70 *x
Heating 15 2400
Washing and rinsing 40 80
Spinning 15 150

C. Simulation results:

Case without EMS:

corresponding to German PV tariffs and the reselling price
for PV production injected to grid (6 are constant:
Cautc=0.25€/KWh and ¢,;=0.41€/KWh.

In this case, there is no control of temperature sigitp of
permanent services. We assumed that the occupants ttigos
starting time of the washing machine when the price ig ver
high in the morning 7:00 am. This led of course to expensi
consumption (2.5€) compared to the other prices during 24
hours.

Consumed Power (W)

5

10 15
Time (Hours)

20

Global cost of energy

Let’s consider a single room with a surface S =20m3 It =3
equipped with the list of devices given in table I. EMS é
must perform a plan to assign the energy resource @4 o % gl . T .
advance for a time discretization @=1hour. Data and Z
control signals exchanged between the simulator and the "L N A [
EMS are summarized in “Fig. 8” & ] : : :
- 0 5 10 15 20 5
'_ Energy and power consumgtion imeltiours)

L —— (!
= Maxitnun subscription

TR ]

e
‘ﬁ - —

P4 energyioveer
produced localky

==

The instantanous temperature £
Setpoint tempersture+CORIOFF

.

price

Fig 10: Scenario without management system

With this simple scenario, we show that, we can lose on the
cost criterion “Fig 10", but we win on the comfort criterion

—
v mme—Errgy and power Consumption liee _.-“ - H
l! il T atirs (st | mm— % e because the RST is respected.
= Setpoirt tempersture+OMIOFF | GLOBAL EMS .
=) === Frizrgy and power consumption Mt EEMENT r 2) Casewith EMS!

In the two cases of “Fig.11 (a-b)”, the EMS shifted the
starting of the washing machine from 7:00am to 9:00am. At

—
2 o g Eniemgy and powsr consumplion
: Starttime + OMNAOFF

Ller satizfaction

Fig 8: Exchanged command (red) from MS and date(grfrom Simulator

this hour, 0.16€ is paid instead 2.5€ at 7:00am.
A PV system is integrated to the building assuming the
German energy tariffs (re-selling surplus is authoriséuh),

According to data sent by the simulator, the EMS creates@st of the washing service is unchanged (about 0.H6€E)
problem then solves it. The optimum temperature for tiiee global cost for all the services is decreased. This isodue
heating service is of=20°C. The requested start time of théhe surplus reselling (see Fig. 11-b)
washing mashine is RST=7:00 am. We set a purchaseqgfrice The German energy policy gives preference to the local
grid Gyougneas “Fig.9™:

At [7:00 am, 8:00 am] the price is higher than the rest
the day (0.787€/KWh). The auto consumption pricg:,C

Purchase Prices €/KWh

20 25

10 15
Time (hours)

Fig 9: Purchase price of grid during 24 hours.

consumption, so we see that there is no consumptiontirem
grid when there is enough production. In addition, when
production exceeds consumption, surplus is resold to tte gr
(negative price of energy cost).

PowerSupplier [id=1] powers W) | PowerSupplier [id=1] powers (W)

2000 1500
g 1500 g 1000
:—g 1000 '[;“
= ulll lLil
Al 11 T Ml amilll
...... 0800 - 1200 e 2300 e Q00 e 1200 oo 2300

time time

W PowerSupplier [id=1] powers W PowerSupplier [id=1] powers
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Fig 11: Power supplier and global cost of enerdgutated by the EMS for

Global Cost (€)
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values
)

time

B Global Cost

(b)

tow cases: (a) without PV and (b) with Germany PV

As shown in “Fig.12-a”, the set-point temperature changes
during the day, that's why the consumption profile intike

cases is variable (see Fig.11 (a)).

RoomHeatingService [id=3]
temperatures °c

S— 08:00 - 1200 eveeerriirseemenns 23:00

time

|- RoomHeatingSenvice [id=3] temperatures|

RoomHeatingService [id=3]
temperatures °C

e 0EO0 e 2200 e 25300

time
|l RoomHeatingSenice [id=3] temperatures ‘

RoomHeatingService [id=3]
dissatisfactions
10

075

02

values

035

ol

time

RoomHeatingService [id=3]
dissatisfactions
1.00

0300 1200 23:00

time

W oomHestingSevice fu=3] cissatisfactions ‘

|- RoomHeatingService fid=3] dissat\sfactions|

Global Cost (€)
02
0.

Global Cost (€)

0p]| ——mm—- T T

’ I , ey
o 00 (1] [T I.nulll . |
= 01 I I H o
] XL
> 02 8 g
03 :
0.4 o4
............. 0500 o 12200 covieerreeee 2300 s OO0 e D200 e 25,00
time time
W Global Cost M Global Cost
@ (b)

Fig 12: Cost and comfort criteria

— set pmnt termperature (k) — Room temperature (k)

288

267 /V \/\

Paower () Cornmande

800 1000 1500 2000 2500 3000(s)
Fig 13: Local control and actual temperature oftingeservice

The real time simulation results from (Host PC1 see
“Fig3”) during one hour are shown in “Fig.13". Thereas
local control ¢£1Kelvin) of the simulation model that follows
the EMS command (the red line).

3500 : ; ; ; : :
¢ Available PV power
3000 f-----feeme- S| SN SE— R - L
i — Consumption profile
2500 - - R mt b Sold power tothe grid|
Z 2000 p----- coem e oo b beoeees b 1
5 H H H H i
£ 150
1000
500
0
5.00 12.00

Time (hour)

Fig 14: Real time simulation for the system durinigd.

Previous “Fig. (11 and 12)” show the solution givan the
anticipative layer. But, the “Fig.14" is a real éinsimulation for all
the systems (building simulation matlab connectedhée EMS)
during a day.

VI. CONCLUSION

The comfort criterion is based on the thermal sensation

regarding the heating services and the offset sericégig

In this paper, an approach of Energy Management System

12-a”, the comfort criterion has been favorized to giveanoin home automation has been presented. It has three:layers
importance to the comfort of the user than to the ecamor@n equipment layer, with local and fast control mechanism, a
and ecological criteria. But the cost criterion is not neglectefgactive layer, which is triggered when energy constraiets a
the start time of washing machine is shifted to avoid théolated, and an anticipative layer, which adjusts future set-
period when the frid energy price is very high. This fegurPoints of devices in order to tackle energy events thatea
shows that the system favorizes the consumption of e foreseen. This paper deals mainly, with an anticipatioarlay
during the Off-peak period by taking advantage of tH&at allocates energy by taking into account predicted events.
cheaper price of the electricity to acheive the optimum This work proposes a solution to validate Energy
temperature set point,J=20°C. However, in “Figl2-b”, the Management System. The validation is obtained through real-
comfort criterion has been deteriorated. The degradationtifge simulation.

due to a decrease of the temperature in thermal envirieme The problem of energy management is a multi-criteria
Tin=15°C, all the day. But, we note that the global cost @timization problem whose criteria are contradictory
minimized compared to the firt scenario.

between cost and comfort. A solution satisfying this two



criteria has been presented and validated: It leads to the bBé@st A. DAMIAN, A, VIRGONE, J., FRAISSE, G.Modélisation

compromise between criteria according to defined weights.
A case study has been presented. In this caseptimeab
temperature setpoints for heating services have begf)

computed. Furthermore, the best starting time for théiwgs
machine has been determined.

The persepectives of this work will expand the validati
of EMS with other loads such as lighting, cooking, oven,
microwave ect., but also to improve the consideration ®f th

impact of occupants .

Realtime simulation for validation makes it possible
hardware-in-the-loop validations to test real power saurce
and loads to check in the control can be actually hartuyed[ ]

devices.

The successful home energy management yields various
benefits. The management of load in electric power system
benefits both power utilities and their customers and also

saves environment from unnecessary pollution.
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