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The aim of this paper is to produce a thermal model of a house using electrical circuit analogy which gives

information about indoor temperatures and power consumption of electrical heater in each room of the house.
The information obtained from the power consumption of each electrical heater serves to estimate the peak
consumption which gives problems in the grid. The house under survey has 5 rooms: a bedroom, a bathroom,
a kitchen, a living-room, and an anteroom. The layers of internal and external walls, windows, roofs and
floors are thermal modeling into electrical components from which a circuit is assembled. Using node voltage
method in each circuit a state space equations are obtained, each of this equations are simulated in MATLAB
environment considering electrical heater time of use based on occupant behavior. Having this model allows
us to simulate the change of temperature of each room, design efficiency the controls algorithm and estimates

peak consumption for improving its reduction.

1 INTRODUCTION

A recent report from the International Energy Agency
(IEA, 2018) shows that energy consumption has in-
creased, especially in the residential and commer-
cial buildings sector. Excessive energy consumption
nowadays has caused problems for the environment
due to the increase in carbon emissions and there-
fore the reduction of energy consumption especially
in buildings is a trend in the world today. Statistics
(ERE, 2017) show that in Albania only 49 of total en-
ergy goes to residential users. Seeing these problems
we decided that the main contribution in this paper is
to use analogies between thermal and electrical mod-
els and methods in order to obtain a better durabil-
ity in terms of increasing energy efficiency in build-
ings. This analogy is the most important objective
for smart grid technologies. Reduction of energy con-
sumption can be done by choosing materials that are
good thermal insulators or with efficient management
of heating or cooling. An energy efficient building has
many advantages including reduction of the green-
house effect, environment degradation, consumption
of natural resources, energy dependence on the out-
side and environmental damage and pollution. It de-
crease costs in energy from houses and businesses, in-
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crease the security of the energy supply and decrease
production costs.In this article the thermal model of
a house is created using electric circuit analogy (Par-
nis, 2012),(Vasak et al., 2011), (Ivan et al., 2017). The
house is composed of 5 rooms where each of them has
an RC circuit model where R and C represent respec-
tively the resistance and thermal capacity of the ma-
terial of the layer of walls, ceiling, foundation, win-
dows and doors presented in section 2. The current in
the circuit represents the heat flux and the electric po-
tential at the point represents the temperature of that
point. A model of state space was obtained in each of
the circuits. In section 3 we present the temperatures
and power consumed by the heaters in each room.
The results are obtained by simulating the state space
model in the MATLAB environment (Behravan et al.,
2017)for 168 hours. We are considering outdoor tem-
perature variation for typical winter day in Tirana Al-
bania (Lee et al., 2016). The model in MATLAB also
includes a program that determines the working time
of heaters. Knowing that during working days in Al-
bania normal working time is 08:00-16:00. The total
power consumed by heaters over a week is shown in
section 4 including peak power consumption occur-
rence and its value.
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2 THERMAL MODEL OF HOUSE

Consider a storey house (Skruch, 2014) containing
five rooms: a living-room, a bedroom, an anteroom, a
kitchen and a bathroom (Figure 1) (Shi et al., 2018).
The external walls of all rooms are made of four lay-
ers (the total thickness of the walls is 47 cm) includ-
ing mineral wool as an insulating material (15 cm),
internal (1 cm) and external (1 cm) cement-lime plas-
ters, structural clay tile (30 cm). The internal walls
are made of three layers (the thickness of the walls is
12 cm) including brick (10cm) and cement-lime plas-
ter on both sides (1 cm). The roof is flat made of
four layers (24.29 cm thick) including mineral wool
(20 cm), EPDM (ethylene propylene diene monomer)
rubber (4.5 mm), timber wood (2.54 cm) and plaster
ceiling tiles (1.3 cm). The foundation is made of five
layers (61 cm thick) including gravel (15 cm), aer-
ated concrete slab (20 mm), polystyrene as an insulat-
ing material (20 cm), screed (5 cm) and wood (1cm).
All exterior and internal doors are made of wood. All
windows are double glazed.

Figure 1: Floor plan of the house.

The surfaces of the internal and external walls, floors,
and ceilings A; j(mz) are summarized in the Table 2.
In the Table 1 is shown list of the rooms. In this table
are considered as rooms the earth and outer space with
index -1 and 0, respectively.

Table 1: List of rooms with associated indexes.

Room name | Index i
Earth -1
Outer space 0
Bedroom 1
Bathroom 2
Living-room 3
Kitchen 4
Anteroom 5
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Table 2: Areas of the surfaces between separated zones.

Ay [T JO [T [2[3 [4 [5
(m?)
I |75 [21.18] 0 | 69]0 |0 | 677
531 [10.11] 690 |69 |0 |48
3643 7936] 0 | 69| 0 | 6.87| 4.75
13.02] 3107/ 0 |0 | 6870 | 118
939 | 14.14| 6.77 4.8] 475 11.8] 0

| | W

To obtain the thermal models of each room we will
first start with the dimensions of the foundation, ceil-
ing, walls, windows and doors. Each of them is made
up of several layers of different thicknesses and ma-
terials that influence the room’s interior temperature.
A wall can be represented by an RC electrical circuit
where the active electrical resistance R represents the
thermal resistance of the layer, the capacitance C rep-
resents the thermal capacity of the layer. The same
procedure is performed for foundation, ceiling, door
and window of the room. Knowing the surface, the
thickness and the type of material of each layer, we
first calculate the resistance and thermal capacity of
the layers then obtaining the whole thermal model of
the room based on electrical circuit analogy.

For example, the value of a resistor used to model
the thermal resistance of a layer of area A (m?), thick-
ness X (m) and thermal conductivity k (W/mK) is
given by equation 1:

X
R= ot (1)
The electrical capacitance used to model the thermal
capacitance of a wall layer of area A (m?), thickness x
(m) and made of material with density p (kg/ m3) and
specific heat ¢, (J/kg - C) is given by equation 2:

_xA-pc
€= 3600

2.1 Bedroom Modeling

@)

The bedroom except the floor, ceiling and walls con-
tain a window which is in contact with the outer space
and a door which is in contact with the anteroom. Af-
ter calculating the resistances and capacities of each
layer we create the whole thermal model of the room
(Bastida et al., 2019). The exterior walls, founda-
tion and ceiling have the same model for each of the
rooms. For this reason, it is not necessary to repeat
these equations many times. The equation are written
in this section.

State Space equations which determine the tem-
perature of each layer of external wall of Bedroom:
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Figure 2: Thermal Circuit Model of Bedroom.

External Wall (EWB)

. ATewb _ Tourside—Tiewp Dewp—Tewp

Cl ewb dr - Riewp + Roew

dTchb — Tiewb—Toewb T3ewb—T2ewb
Coewp dr Roewd + R3ewb 3)
C . dT3ewb — Dewb—Tewd + Taewb—Dewd

3ewb dt Riewp Raewp

d Taewp _ Daewb—Taewn Tsevp—Taewn

C4€Wb dt B Raewp § Rsew

where, Clewp, Caewns Ciewp and Cyeyp - thermal capac-
ities of each layer of external wall (J/C), Tiewp» Toewps
Bewbs Taewp and Ts,,p - Temperature of each layer of
external wall (C), Tyyside, - outside temperature (C),
Riewns Roewb> R3ewp> Raewp and Rse,p - thermal resis-
tance of each layer of external wall (C/W).

State Space equations which determine the tem-
perature of each layer of foundation of Bedroom:

Cipp- Lo — Tomsgle];Tlfb Tzfzz—f:lfh

Cagp- d?tfb — Tl.f;;f?/h T3f1l;3_f?fh

Capp- Tt = S g A @)
Cagp- dﬁ;fh _ T3fll;;/:4fb Ts;;;f?fb

Csyp- dZStfb _ T4f§;:5fb Tﬁflb?;jfZSfb

where, leb’ C2fb, C3fb, C4fb and C5fb - thermal ca-
pacities of each layer of foundation (J/C), T ss, Tofp,
T3¢, Tafp, Tspp and Tgpp, - temperature of each layer
of foundation (C), leb, R2fb’ R3fb, R4fb, RSfb and
R fp- thermal resistance of each layer of foundation
(C/W).

State Space equations which determine the tem-
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perature of each layer of ceiling of Bedroom:

Cyp - Tich — Towside=Tich | Tocv—Tich
leb™ gy Riep Roch
AdDey _ Tiep=Dep | Beb—Docp
Coop - =4 = Roch R3cp (5)
Ca - 9Bcb — Deb=Taep 4 Tach—Tiep
3cb i R3cpy Rycp
ATy Daep—Tach | Tsch—Tach
Cacp - =4 = Rycp Rscp

where, Cicp, Cocp, Cicp and Cagp - thermal capacities
of each layer of ceiling (J/C), Tlcby Tzcb, Tgcb, T4cb
and T5., - Temperature of each layer of external ceil-
ing (C), Ricp, Rochs R3cps Racp and Rsep, - thermal re-
sistance of each layer of external ceiling (C/W).

State Space equations which determine the tem-
perature of each layer of internal wall between ante-
room and bedroom:

Clpe - dTipe _ Tanteroom—Tipe + Dope—T1pe

dt Ripe Rope
dDpe _— Tipe=Dpe | Tape—Tope
Cope dt " Rope + R3pe (6)
ATspe _ Dpe—Tape | Tape—Tape
Cave dt " Rape + Rape

where, Cipe, Cope and C3p, - thermal capacities of each
layer of internal wall between anteroom and bedroom
(J/C), Tipe, Tope, Tape and Ty, - temperature of each
layer of internal wall between anteroom and bedroom
(©), Tanterooms - anteroom temperature (C), Ripe, Rope,
R3p. and Ryp, - thermal resistance of each layer of in-
ternal wall between anteroom and bedroom (C/W).

State Space equations which determine the tem-
perature of each layer of internal wall between bath-
room and bedroom:

o dTibh — Tpathroom—=Thibe | Toibb—Thibe

Cuivh -~ = Riipp Raipp
4Dy Tiie—TDivs | Taib—Toibe

Caivp di - Rypp + R3ipp O
ATy Dipp=Taipp | Taih—T3ibb

Civb dt - Ripp Raipp

where, Cipp, Copp and Cspp - thermal capacities of
each layer of internal wall between bathroom and bed-
room (J/C), Tipp, Topp, Tapp and Typ, - temperature
of each layer of internal wall between bathroom and
bedroom (C),Tputhroom, - bathroom temperature (C),
Ripp, Ropp, R3pp and Ry, - thermal resistance of each
layer of internal wall between bathroom and bedroom
(C/W).

Differential equation which determine the temper-
ature of bedroom:

C b dTinside — Tyewp—Tinside + Lousside—Tinside
i d -

t Rsew Ry
TSfb —TTinside Taco—Tinside Bspe—Tinside
X 3be 8
+ Refp + Rscp + Rape ®)

Tt —Tinsid Baivp —Tinsid
+ ani Er(m%d mside + 1 R3 bleLSl e +IhgatrerBE

where, C,; - thermal capacities of bedroom (J/C),
Tinside, - bedroom temperature (C), R, - thermal re-
sistance of the window of room (C/W), R, - thermal
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resistance of the door of room (C/W), Inearerpe- heat
flux of heater in bedroom.

2.2 Bathroom Modeling

The bathroom except the floor, ceiling and walls con-
tain a window which is in contact with the outer space
and a door which is in contact with the anteroom. Af-
ter calculating the resistances and capacities of each
layer we create the whole thermal model of the room.

Bathroom

TLiving-room

T1LB T21LB T3ILB
1ILB R2ILB R3ILB R4ILB
Internal Wall Living-Bedroom (ILB) . IQ],LB Iczu IC%B

T1IBB, T21BB T3IBB

Thathroom

R1IBB R2IBB R3IBB | R4IBB
c2iBB caiBB

Internal Wall Bedroom-Bathroom (IBB) Icnaa I I

Door (D)
Tanteroom

T1B T218 T31B

R1IB R2IB R3IB. R4IB

Internal Wall Anteroom-Bathroom(1B) Icna Icma Icaxa

TiC T2C T3C T4C
Ceiling (C)
R2C R3C R4C R5C
Imc Iczc Icac Icac
TIF ToF, T3F, T4F, TSF
Foundation (F)
R1F R2F R3F R4F R5F R6F
Imr IczF Cc3F ICAF ICSF
= = = = = IheaterB
Window (W) ’\/V\/
Toutside Tinside
il TIEW,  T2EW,  T3EW, . T4EW

RIEW R2EW | RIEW RAEW RSEW

External Wall (EW) IClEW ICZEW ICGEW ICAEW ICR

Figure 3: Thermal Circuit Model of Bathroom.

State Space equations which determine the tempera-
ture of each layer of internal wall between anteroom
and bathroom:

Clib . dTyp — Tanteroom—T1ib + Dip—Thip

dt Ryip Raip
4T Tin=Tp | Bin—Top
Caip- 5" = Rajp R3ip ©)
ATy Dp—=Tsip | Taip—Taip
Cai dt " Rap Ryip

where, Cy;p, Coip and C3;p,- thermal capacities of each
layer of internal wall between anteroom and bath-
room (J/C), Tiip, Taip, Trip and Ty - temperature
of each layer of internal wall between anteroom and
bathroom (C), Tanteroom, - anteroom temperature (C)
Riip, Raip, R3jp and Ry, - thermal resistance of each
layer of internal wall between anteroom and bathroom
/W)

State Space equations which determine the tem-
perature of each layer of internal wall between bed-
room and bathroom are the same as (7).
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System of differential equations which determine
the temperature of each layer of internal wall between
bathroom and living-room:

4Ty Teving=Tiie | Toyp—Tiitp

Cri g~ = Riinp Rainp
A _— T =Dip | BGip—Diw

Caitn dt - Rap + R3iip (10)
4D Dap=Taap | Tain—Tsip

Gt dt —  Raip Raitp

where, Cy;p, Co5p and Cyyp, - thermal capacities of each
layer of internal wall between living-room and bath-
room (J/C), Tp, Toip, T31p and Ty, - temperature of
each layer of internal wall between living-room and
bathroom (C), TLiving-room, - Living-room temper-
ature (C) Ryjp, Rosp, R3p and Ryyp, - thermal resistance
of each layer of internal wall between anteroom and
bathroom (C/W)

Differential equations which determine the tem-
perature of bedroom:

C thmtde _ Tiew—Tiside + Tousside — Tinsde
dt

Sew Ry,

Tsip—Tinsde

T5f —Tinside Tye
+ + R4ib ( 1 1)

R()f

—Tinside +
Rs,

Tanteroom=T;, id. T3 'bbiT' sid
+ ani msiae + 1] mside
Rq Raipby

T3ilb—Tinsd
+ 1R4i”;ns € + IheatrerB

where, C, - thermal capacities of bathroom (J/C),
Tinside, - bathroom temperature (C), R,, - thermal resis-
tance of the window (C/W), R, - thermal resistance of
the door (C/W), Ihearrers- heat flux of heater in bath-
room.

2.3 Living-room Modeling

The Living-room except the floor, ceiling and walls
contain four windows which are in contact with the
outer space and two doors which are in contact re-
spectively with anteroom and kitchen. After calcu-
lating the resistances and capacities of each layer we
create the whole thermal model of the room.

State Space equations which determine the tem-
perature of each layer of internal wall between living-
room and anteroom:

Cri - ATy _ Tameroom=Tiik | Toik—Thik
lik * —g¢ Ryik Roik
4Dy Ti—Di | Ba—Tik
Coi- =g+ = R T R (12)
Ay =Ty | Typ—Thi
G~~~ = R3jk Ryjk

where, Cyjx, Cojx and Cyyj, - thermal capacities of each
layer of internal wall between anteroom and living-
room (J/C), Tiix, Toi, T3 and Ty - temperature
of each layer of internal wall between anteroom and
living-room (C), Tunteroom, - anteroom temperature (C)
Riik, Roik, Rz and Ry - thermal resistance of each
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C1IBA C2iBA caiBA

Internal Wall Bathroom-Living (IBA) I I I
RD

Door (D)
Tanteroom
T1K T2IK T3IK
R1IK R2IK R3IK RAIK
Internal Wall Anteroom-Living(1K) Ic1u< ICZ\K Icw
TiCL T2CL T3CL T4CL
Ceiling (CL)
RICL R2CL R3CL RAC RSCL
IClCL ICZCL ICCZCL ICACL
TIFL, T2FL T3FL, T4FL, TSFL,
Foundation (FL)
RIFL R2FL R3FL RAFL RSFL R6FL
IC;LFL ICZFL ICBFL ICAFL ICSFL
- - . b - IheaterL
RW
Windows (W)
Toutside Tinside
T 1EWL, | T2EWL, , T3EWL,  T4EWL

RIEWL| R2EWL| RSEWL| R4EWL| RSEWL
C2EWL=—=C3EWL==C4EWL

External Wall (EWL) IClEWLI I I ICRL

Figure 4: Thermal Circuit Model of Living-room.

layer of internal wall between anteroom and living-
room (C/W).

State Space equations which determine the tem-
perature of each layer of internal wall between living-
room and bathroom are the same as (10).

State Space equations which determine the tempera-
ture of each layer of internal wall between kitchen and
living-room:

odTy — Tirehen—=Ti | Diy—Tii
Ci dr Ry Rait
dDy _ Tia—Di | Bi—T
C . 2il — A1il—12il 3il —12il 1
2il * gy Ry Rt (13)
L dy _ Dyy—Tsy | Tuy—Txi
Gair dt Ry Ryjf

where, Ci;, Cpi and Csjy - thermal capacities of
each layer of internal wall between living-room and
kitchen (J/C), Tii1, Trir, Tair and Tyy - temperature of
each layer of internal wall between living-room and
kitchen (C), Tiirchen, - kitchen temperature (C) Ry,
Ryi1, R3i; and Ry;; - thermal resistance of each layer of
internal wall between living-room and kitchen (C/W)

Differential equations which determine the tem-
perature of living-room:

C . ATinside _ Taewi—Tinside + Tourside—Tinside
rl -

dt Rsewi Ry

_|_T5ﬂ_Ti"5idE + Tae1 = Tinside + L3ik—Tinside

Reyi Rs Ryjk 14

(14)
_|_ Tanteroom—Tinside + Lyibg —Tinside
Ry Riiba
it —Tinsia

+ == R4;;m € +IheaterL

where, C,; - thermal capacities of living-room (J/C),
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Tiuside> - living-room temperature (C), R,, - thermal
resistance of the window (C/W), R, - thermal resis-
tance of the door (C/W), Ijeatrerr- heat flux of heater
in living-room.

2.4 Kitchen Modeling

The Kitchen except the floor, ceiling and walls con-
tain two windows which are in contact with the outer
space and two doors which are in contact respectively
with anteroom and living-room. After calculating the
resistances and capacities of each layer we create the
whole thermal model of the room.

Kitchen
RDL
Door (D1)
TLiving
TIL T2 T3IL
RIIL R2IL R3IL RAIL
Internal Wall Living-Kitchen(IL) ICNL ICZIL IC3IL
RD
Door (D)
Tanteroom
TUA T21A T3IA
R1A R2IA R3IA RAIA

clA c2IA C3IA

Internal Wall Anteroom-Kitchen(1A) I I I

TICK T2CK T3CK T4CK
Ceiling (CK)
RICK [ R2CK R3CK RACK RSCK

ICM:K I(:ch IC3CK ICACK

TIFK T2FK T3FK T4FK TSFK
Foundation (FK)

R1FK R2FK R3FK R4FK RSFK R6FK
CIFK CaFK C3FK CaFK C5FK
R A Al A
= = = = =
Windows (W)
Toutside Tinside
T 1EWK, | T2EWK . TSEWK . T4EW]

RIEWK | R2EWK | R3EW RAEWK | RSEWK

ImEWKICzEWKImEWKICAEWK ICRK

External Wall (EWK)

Figure 5: Thermal Circuit Model of Kitchen.

State Space equations which determine the tempera-
ture of each layer of internal wall between kitchen and
anteroom:

Clia . m — Tanteroom—Tlia + TZiaiTl[a

dt R lia RZta
ATy Tin—Tig | Bia—Toia
sz dt RZia R3ia (15)
C .. dT3ia — T2ia7T3ia T4ia7T3ia
3ia” ~dr Raia Rija

where, C1;4, C2iq and Cyj;, - thermal capacities of each
layer of internal wall between anteroom and kitchen
J/C), Tiigs Trig, Triq and Ty, - temperature of each
layer of internal wall between between anteroom and
kitchen (C), Tunteroom, - anteroom temperature (C)
Riia, Roia, R3iq and Ry;, - thermal resistance of each
layer of internal wall between anteroom and kitchen
/W)

State Space equations which determine the tem-
perature of each layer of internal wall between living-
room and kitchen are the same as (13). Differen-
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tial equations which determine the temperature of
kitchen:

AT Thewk—Tinsi
C . inside — Zdewk “inside
rk dr Rsewk

T5fk7Tinxide Tacke—Tinside Tliving —Tinside
+ Refi + Rscp + Ry (16)

Tanteroom—Tinside T3i1—Tinside
+ Rd + Rajy

Bsia—Tinside Lousside = Tinside
=+ Ra + R + Iheatrerk
4ia w

where, C,¢ - thermal capacities of living-room (J/C),
Tinside, - living-room temperature (C), R,, - thermal
resistance of the window (C/W), R, - thermal resis-
tance of the door (C/W), Ieqsrerk - heat flux of heater
in kitchen.

2.5 Anteroom Modeling

The anteroom except the floor, ceiling and walls con-
tain five doors which are in contact respectively with
outer space, bedroom, bathroom, living-room and
kitchen. After calculating the resistances and capaci-
ties of each layer we create the whole thermal model
of the room.

Anteroom

RD4
Door (D4)

TLiving
TLK T2K T3IK
R2IK R3IK R4IK
Internal Wall Living-Anteroom(1K)

R1IK
ICl\K ICZ\K ICGIK
RD3
Door (D3)

Tkitchen
TLA T2IA T3IA
RI1A R2IA R3IA RAIA
Internal Wall Kitchen-Anteroom(1A)

ICl\A ICZ\A I(::alA

RD2

Door (D2)

Thathroom

TlB T2IB T3B
R1IB R2IB R3IB RAIB
Internal Wall Bathroom-Anteroom (1B) Icl\B ICZ\B IcalE
RD1

Door (D1)

Thedroom

T1IBE T2IBE T3IBE

R1IBE R2IBE R3IBE RAIBE

Internal Wall Bedroom-Anteroom(IBE) ICMBE IC?\BE ICNEE

TICA T2CA T3CA TACA

Ceiling (CA)
RICA | R2CA | R3CA | RACA | RSCA
IcmA Ioch Icscxx ICACA
TIFA T2FA T3FA TAFA TS/
Foundation (FA)
R1FA R2FA R3FA R4FA RSFA R6FA
ICIFA ICZFA IcaFA ICAFA C5FA
= = = = = IheaterA
RD
Door (D)
Toutside Tinside
T1IEWA T2EWA T3EWA T4EWA

RIEWA | R2EWA | R3EWA | RAEWA | RSEWA

IClEWAICZEWAImEWICAEWA ICRA

External Wall (EWA)

Figure 6: Thermal Circuit Model of Anteroom.

State Space equations which determine the tempera-
ture of each layer of internal wall between kitchen and
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anteroom:
.. dTlia — Tantemom_T]ia TZia_Tlia
Cllll dt Rlia + RZia
. dDig _ Tig=Dig | Dig—Tia
sz dt RZia + R3ia (17)
Cs: - YBia — Dia=Dia 4 Taia—Tsia
3ia " g Rsiq Ryiq

where, C1;4, C2iq and Cyj;, - thermal capacities of each
layer of internal wall between anteroom and kitchen
J/C), Tiig, Trig, Triq and Ty, - temperature of each
layer of internal wall between between anteroom and
kitchen (C), Tunteroom, - anteroom temperature (C)
Riiu, Roia, R3iq and Ry, - thermal resistance of each
layer of internal wall between anteroom and kitchen
(c/w).

System of differential equations which determine
the temperature of each layer of internal wall be-
tween bedroom and anteroom, bathroom and ante-
room, living-room and anteroom, kitchen and ante-
room are respectively the same as (6), (9), (12) and
(15).

Differential equations which determine the tem-
perature of anteroom:

C . ATinside — Taewa—Tinside
ra .

dr Rsewa
T5fa—Tinside Taca=Tinside Bive—Tinside
+ R + R + Ry;
6fa Sca 4ibe
T — e Bip —Tinsi
L bedroo]ren inside e 31bR vmszde
dl 4ib ( 1 8)
_|_Tbathmum* inside + Tkitchen—Tinside
Ra> Ra3

Tliving —Tinside Bk —Tinside
+—% =
d4 4ik

inside +IhealerA

T3i117 insid. Tuu side —
+ Ryiq J + t Ry
where, C,, - thermal capacities of anteroom (J/C),
Tinside» anteroom temperature (C),(C/W), Ry,
R41,R42,R43,R 4 - thermal resistance of doors (C/W),
Lnearrera- heat flux of heater in anteroom.

3 SIMULATION RESULT

Based on the State Space equations obtained from the
models of thermal circuits of each room we create
models of each room in the Simulink MATLAB en-
vironment. Knowing the dimensions of each layer
given in the first section and the values of the thermal
parameters of each layer Table 4 are calculated the
thermal capacity and resistance of each layer based
on equations (1) and (2).

The model in this environment has been simu-
lated for 168 hours where the outside temperatures
are taken over a week in the city of Tirana, Albania
shown graphically in Figure 7. Knowing that people
in Albania normally work from Monday to Friday



Table 3: Time of use of heater in each room.

Room Day Operating hours | Run-
Time
(hours)
Monday 17:00-23:00 6
Tuesday 17:00-22:00 5
Wednesday 18:00-23:00 5
Living Thursday 17:00-23:00 6
room
Friday 16:00-24:00 8
Saturday 8:00-10:00 2
16:00-23:00 7
Saturday 8:00-10:00 2
16:00-23:00 7
Monday 21:00-23:30 2.5
Tuesday 20:00-23:00 3
Wednesday 22:00-24:00 2
Bedroom | Thursday 21:00-23:30 2.5
Friday 21:00-24:00 3
Saturday 20:00-23:00 3
Saturday 21:00-24:00 3
Monday 18:00-21:30 3
Tuesday 17:00-19:00 2
Wednesday 17:30-20:00 2.5
Thursday 18:00-21:00 3
Kitchen Friday 19:00-22:00 3
Saturday 10:00-13:00 3
19:00-21:30 2.5
Saturday 11:00-13:00 2
18:00-21:00 3
Monday 17:00-23:00 6
Tuesday 17:00-22:00 5
Wednesday 18:00-23:00 5
Thursday 17:00-23:00 6
Anteroom|  Friday 16:00-24:00 8
Saturday 08:00-12:00 4
16:00-23:00 7
Saturday 08:00-13:00 5
16:00-23:00 7
Monday 22:00-23:00 1
Tuesday 21:00-23:00 2
Wednesday 22:00-23:00 1
Bathroom| Thursday 21:00-23:00 2
Friday 22:00-23:00 1
Saturday 08:00-09:00 1
Saturday 21:00-23:00 2

between 8:00 and 16:00, we decide the time of oper-
ation of the heaters in each room. The temperature is
controlled with the two-position ON-OFF regulator.
After simulating the thermal model of Living-
room, bedroom, kitchen, anteroom and bathroom
where was implemented also a program which con-
trol the time of use of heater in each room based in
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Figure 7: Outside temperature.

Table 4: Time of use of heater.

Material k Cp p
Descrip-
tion

W/m-K) | (J/kg-C) | W /m-K)
Gravel 0.360 840 1840
Aerated 0.160 840 500
Concrete
slab
Polystyrene|  0.030 1380 25
Screed 0.410 840 1200
Wood 0.22 1360 550
Cement 0.720 800 1860
Plaster
Brick 0.840 800 1700
Mosque 0.024
Mineral 0.046 837 10
Wool
Clay Tile 0.840 800 1900
Air 10 1005 1.205
EPDM 0.17 2000 110
Timber 0.121 837 593
Wood
Plaster 0.380 840 1120
Ceiling
Tiles

table 3, the simulation results are obtained and shown
graphically in Figures 8-12.
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Figure 8: Living-room temperature and power consump-

tion.
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Figure 9: Bedroom temperature and power consumption.
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Figure 10: Kitchen temperature and power consumption.
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Figure 11: Anteroom temperature and power consumption.

4 CONCLUSION

The purposes of this paper has been to develop ther-
mal model of a house using electrical RC circuit anal-
ogy to analyze the temperatures and power consump-
tion of heaters in each room. This analogy makes it
possible to develop directly accurate models insofar
as the temperatures within the walls are not required.
This model is described using state space equations
for temperature response of each room because it is an
efficient and practical method to reduce energy con-
sumption and to improve thermal comfort. We sim-
ulated the model in order to take the temperature of
each room in Matlab, Simulink environment. Dynam-
ics in temperature are controlled using two positional
regulator in specified hours. Total power consump-
tion of all heaters, which is shown in Figure 13 in-
dicates the peak demand occurs between 19:00-20:00
in Tuesday and 08:00- 09:00 in Saturday. Because
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Figure 12: Bathroom temperature and power consumption.
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Figure 13: Total power consumption.

of negative effect of peak demand (the cost of energy
production is high due to the use of peaking power
plants) in the future our focus will be reducing energy
for heating using Model Predictive Control (MPC).
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