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 Steady-state approach Energy balance 

dtFor

control volume

[W]

qin

qout
qint

qint + qin = qout

@✓

@t
= 0



Control volume

one-single thermal zone for 
building code in residential buildings

thermal zoning

 Thermal zoning Energy balance 



Qin

Qout

Qint

�tFor
(day, week, 
month, season, …)

[ J ]

because Qin(t) Qout(t) Qint(t)

control volume

Qint +Qin 6= Qout

@✓

@t
6= 0

 Steady-state approach Energy balance 



Qin

Qout

Qint

�t
Thermal zone

[ J ]

Qaux

Qaux = Qout � (Qint +Qin)

Losses GainsEnergy 
needs

@✓

@t
= 0

 Steady-state approach Energy balance 
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Quasi-steady-state

 Energy balance Energy balance



 Transient conditions Energy balance 



Qout

�t
Thermal zone

[ J ]

Qaux

Losses Useful gains

Qsol

Qaux = Qout � ⌘Qsol

Heating 
energy needs

No internal gains
Qint = 0

Qin = Qsol

Only solar gains

 Useful gains Energy balance 



 Quasi-steady-state approach Energy balance 



Qaux = Qout � ⌘Qsol

Solar gain utilisation factor: 
• It varies from 0 to 1 
• It is empirically obtained 
• It depends on the thermal 

inertia of the zone 

 Solar gains and utilisation factor Energy balance 



Qnd = Qht � ⌘gQgn

�t
Thermal zone

[ J ]

Heat 
transfer 

Heating 
energy needs

Qint

Heat 
“gains”

Heat 
transfer  

(gains or losses) 

Heat 
“gains”  

(gains or losses)

Qnd

Qht / �✓

Qgn 6/ �✓

 Normative documents Energy balance 



Heat transfer, Qht Heat gains, Qgn

Proportional to internal-external air 
temperature difference

Not proportional to internal-external air 
temperature difference

conduction, convection, longwave 
radiation, ventilation

solar gains, internal gains, 
sky-radiative cooling

Gains: conduction, convection, longwave 
radiation  
(if external > internal air temperature)

Gains: solar gains, internal gains

Losses: conduction, convection, longwave 
radiation 
(if external < internal air temperature)

Losses: sky-radiative cooling

 Heat transfer and heat gains Energy balance 



⌘g =
1� �a

1� �a+1Empirical correlation*

� =
Qgn

Qht
Gains-to-heat transfer ratio

a depends on building thermal inertia: 
- light, 1.8 
- medium, 2.6 
- heavy, 4.2

� = 1 ⌘g =
a

a+ 1* For , For , ⌘g =
1

�
� < 0

 Gain utilisation factor Energy balance 



�t
Thermal zone

[ J ]

Cooling 
energy needs

Qint

Heat 
“gains”

Qnd = Qgn � ⌘lQht = (1� ⌘g)Qgn

Qnd

 ISO 13790 Energy balance 



Empirical correlation

� =
Qgn

Qht
Gains-to-heat transfer ratio

a depends on building thermal inertia: 
- light, 1.8 
- medium, 2.6 
- heavy, 4.2

⌘l =
1� ��a

1� ��a�1

� = 1

*

For , ⌘l =
a

a+ 1

 Loss utilisation factor Energy balance 



Qnd = Qht � ⌘gQgn = (1� ⌘l)Qht

Qnd = Qgn � ⌘lQht = (1� ⌘g)Qgn

Adopted

Adopted

 Residential regulation (REH) Energy balance 



[ W ]
[ J or Wh ] 

if L is 
[s or h]

H constant

days degree-days

q = H(✓i � ✓e)

Q =

Z

L
qdt =

Z

L
H(✓i � ✓e)dt

Q = H✓setL�H

Z

L
✓e(t)dt

Q = HL(✓set � ✓e)

L(✓set � ✓e) ' GD✓set

✓i = ✓set

 Heat transfer Energy balance 



Htr

Transmission

Hd Direct: between building elements separating 
external from internal environment (Envolvente 
exterior).

Hg Ground: between building elements and ground 
(Envolvente em contacto com o solo).

Unheated spaces: between building elements 
separating unheated spaces and internal 
environment (Envolvente interior).

Hu

Other buildings: between building elements 
separating other buildings and internal 
environment (Envolvente interior).

Ha

 Heat conductance Energy balance 



Hd

Hg

Hu

 Heat conductance Energy balance 



Ha

 Heat conductance Energy balance 



Hx = btr,x

0

@
X

i

AiUi +
X

j

Bj j

1

A

General approach

Area LengthAdjust factor 

For unheated 
spaces and other 
adjacent buildings
0  btr,x  1

 Heat conductance Energy balance 



Hve = ⇢aca

X

k

bve,k�ve,k

Ventilation

Adjust factor 

For heat recover or 
other air sources 

other than external
bve,k � 0

Average air flow

 Heat conductance Energy balance 



btr =
✓i � ✓u
✓i � ✓e

✓u

✓i✓e

 Adjust factor Energy balance 



bve =
✓i � ✓ve
✓i � ✓e

✓i

✓e✓ve

 Adjust factor Energy balance 



solar gains internal gains sky radiative exchange

General approach

average powerQgn = Qsol +Qint ��Qsky

Q =

Z

L
qdt = �L

 Heat gains Energy balance 



n elements

Average global solar radiation 
per unit of surface area for orientation j

�sol =
X

j

�sol,j

Fsh

Average shading coefficient 
(fins, overhangs and horizon)

Average effective 
collecting area

�sol,j = Gj

X

n

Fsh,nAsol,n

 Average solar gains Energy balance 



Asol,n = ↵nRseUnAn

Opaque element Transparent element

Asol,n = g✓,n · FgAw,n

Asol,n = g✓,n ·Ag,n

glazed area (frame influence)

average g-value 
(with and without shading)

Effective collecting area Energy balance 



g✓ = gsh,✓ · Fms + gg,✓(1� Fms)

gg,✓ = Fw · gg,?

gsh,✓ ' ·gsh,?Shading

Only glazing

shading glazing
average g-value  =  with             +     without shading

Movable shading 
time fraction

 Shading g-value Energy balance 



�sol =
X

j

Gj

 
X

n

Fsh,nAsol,n

!

j

j façades 
n windows each facade

[W]

[Wh]

Qsol =
X

j

Ej

 
X

n

Fsh,nAsol,n

!

j

average valuesintegrated

[W/m2]

[Wh/m2]

 Solar gains Energy balance 



�int average heat dissipation (convective and radiative parts)

Qint = �intL

 Internal gains Energy balance 



Included in Qht Considered in Qgn

qsky = hrFsky(✓s � ✓sky)As

qsky = hrFsky[(✓s � ✓e) + (✓e � ✓sky)]As

qsky = hrFsky(✓s � ✓e)As +�qsky

�Qsky =

Z

L
hrFsky[✓e(t)� ✓sky(t)]Asdt

��sky = hrFsky�✓skyAs

 Sky radiative exchange Energy balance 



 Exercices Energy balance 



Hourly method

 Energy balance Energy balance



Thermal zone

At

Equivalent area of 
the thermal mass [m2]

Total area in contact with internal air
� =

Am

At

Am =

P
i(AiciLi)2P
i Ai(ciLi)2

Cm =
X

i

AiciLi

Total thermal capacity [J/K]

 Model 5R1C Energy balance 



Cm

✓i
✓s

✓m

✓w

 Model 5R1C Energy balance 



Qi
Qs

Qm Cm

✓i
✓s

✓m

 Model 5R1C Energy balance 



Qi
Qs

Qm

Hiv

Hem

Hes
His

Hms

Cm

✓i
✓s

✓m
✓e

✓v ✓e

 Model 5R1C Energy balance 



Hes Hms

✓s

✓i

His

Hiv

✓v

✓e ✓e

Qi

Qs

Qm

Qnd

✓m
Hem

Cm

 Model 5R1C Energy balance 



C1 = �Athr

C2 = (1� �)Athc

C3 = �Athc

Air temperature

Surface temperature 
(light elements)

Surface temperature 
(heavy elements)

K1 =

✓
1 +

hc

%hr

◆
hcAt

K2 = (hc + %hr)�At

K3 = (hc + %hr)(1� �)At

% =
1

1� �

✓1

✓2 ✓3

C3

C1

C2

K1

K2 K3

✓1

✓2 ✓3

Air temperature

Surface temperature 
(light elements)

Surface temperature 
(heavy elements)

 Model 5R1C Energy balance 



Hem =

✓
1

Htr,h
� 1

Hms

◆�1

Hms = K3

His = K1

Hiv = Hve = ⇢aca�ve

Hes = Hw

Ventilation

Light elements

Heavy elements

Constant

Constant

 Heat conductance Energy balance 



Prs = 1� Am

At
� Hes

(hc + %hr)At

Prsd = 1� Am

At �Aw
� Hes

(hc + %hr)(At �Aw)

Prm =
Am

At
Prmd =

Am

At �Aw

Qi = qint,cL

Qs = (Prsdqsol + Prsqint,r)L

Qm = (Prmdqsol + Prmqint,r)L

 Gains Energy balance 



H1 =

✓
1

Hve
+

1

His

◆�1

H2 = H1 +Hes

H3 =

✓
1

H2
+

1

Hms

◆�1

Qmtot = Qm +Hem✓e +H3
Qs +Hes✓e +H1[(Qi +Qnd)/Hve + ✓v]

H2

✓m,t =
✓m,t�1[Cm/L� 0.5(H3 +Hem)] +Qmtot

Cm/L+ 0.5(H3 +Hem)

 Numerical approach Energy balance 



✓m =
✓m,t + ✓m,t�1

2

✓s =
Hms✓m +Qs +Hes✓e +H1[(Qi +Qnd)/Hve + ✓v]

Hms +Hes +H1

✓i =
His✓s +Hve✓ve +Qi +Qnd

His +Hve

 Temperatures Energy balance 



Free-float Qnd = 0

yes

Stop

no

Theoretical conditioned
Qnd10 = 10Ap

Real conditioned
Qnd

✓i0 = ✓i

✓set,H  ✓i0  ✓set,C

✓i10 ✓set
Calculate Define heating/cooling mode

Qnd =
✓set � ✓i0
✓i10 � ✓i0

Qnd10

✓iCalculate

Calculate

Calculate

 Model flow chart Energy balance 


