
Master Degree in InnovativeTechnologies in 
Energy Efficient Buildings for Russian & 
Armenian Universities and Stakeholders

Prof. Ph.D. Federico Valsuani

Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders
1



Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders Pag. 2

A building is a system consisting of:
- the external building structures that delimits a defined volume;
- the internal structures that divide all the rooms;
- all systems and technological devices that are permanently

inside; 

- the external environment, the land, other buildings; 
- the people that live/work in the building;

- Use of the building . 
- Building cladding; 
- Climatic conditions of the installation site; 
- Type of power plants, distribution and emission;

INTRODUCTION



Which is the goal of the simulation ?

- design (cladding/plant);

- energetic analysis;

- dynamic response of materials;
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INTRODUCTION

Design (UNI 11300)

Energy audit (UNI 11300) Simulation
Numerical model
Finite difference method

External temperature – UNI 10349

Internal design temperature – 20°C/26°C

Simulation
Monthly based steady state condition

Simulation
Monthly based steady state condition External temperature – data

Internal temperature – data 

Dynamic anaysis

External temperature – UNI 10349 or data

Internal design temperature – 20°C/26°C or data
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INTRODUCTION

Roof

External wall

Retaining wall

Foundation

Internal division

Ceiling

Windows

Foundation

To analyze a building is important to know all of 
the components of the wall/windows and the 
different exposures of this elements
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INTRODUCTION

the generalized equation integration of Fourier, for example particularized to one-dimensional 
conduction problems in varying arrangements, namely in the form:

δ, c , λ , l, a: respectively the density [kg / m3], the specific heat [J / kgK], the thermal conductivity [W / mK], the 

thickness [m] and the thermal diffusivity (a = λ / δ c) [m / s2]. 

t*e : the temperature of the outer face, sum of a sinusoidal temperature te of period and an average 

temperature tem *, You, tim analogs values related to the inner face * * The angular speed = 2 * / *

where t is the temperature and θ is the time.
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INTRODUCTION

the generalized equation integration of Fourier, for example particularized to one-dimensional 
conduction problems in varying arrangements, namely in the form:

where t is the temperature and θ is the time.

The thermal flux inside the structure has values that 

depend on the x coordinate:

𝑞"(𝑥) = −𝜆(𝛿𝑇/𝛿𝑥)(𝑥)
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INTRODUCTION

the generalized equation integration of Fourier, for example particularized to one-dimensional 
conduction problems in varying arrangements, namely in the form:

where t is the temperature and θ is the time.

The thermal flow inside the structure has values that 

depend on the x coordinate

𝑞"(𝑥) = −𝜆(𝛿𝑇/𝛿𝑥)(𝑥)

After some time the flux reach the steady state condition

𝑞"𝑠 = 𝑈(Δ𝑇)
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INTRODUCTION

The main dynamic parameter to study the thermal energy transferred throught the wall structure 

are: 

The periodic thermal transmittance (or dynamic) Yie:

the ratio between the heat flow per unit surface which

crosses a face of the structure and the temperature

change on the opposite face, calculated keeping

constant the temperature on the first face.
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INTRODUCTION

The main dynamic parameter to study the thermal energy transferred throught the wall structure 

are: 

Heat capacity per unit area χm: heat capacity Cm

divided by the area of the element:

Inverse of the imaginary part of the inverse of thermal periodic conductance, refers to a 

side of the element, divided by the angular frequency (kJ/m2 K): 

Lag or thermal wave time delay φ [h]: The time period 

between the maximum value of the external stress (Te) 

and the maximum of its effect (q”i)
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INTRODUCTION

a
t(x, )

x

t(x, )2

 
 



 



The equation that describes the behaviour of a building under steady state 

condition is:

Energy losses

Energy gain

Utilization factor of the 
free contributions (0-1)
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INTRODUCTION

a
t(x, )

x

t(x, )2

 
 



 



The equation that describes the behaviour of a building under steady state 

condition is:
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INTRODUCTION

a
t(x, )

x

t(x, )2

 
 



 



The equation that describes the behaviour of a building under steady state 

condition is:

Energy losses

Energy gain
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STEADY STATE ANALISYS

The equation that describes the behaviour of a building under steady state condition is:

Energy loss for transmission

Energy loss for ventilation

Energy contribution for internal gains

Energy contribution for solar gains

Net energy demand for heating

Net energy demand for cooling

Energy loss for transmission

Energy loss for ventilation

Energy contribution for internal gains

Energy contribution for solar gains

𝑄𝐻,𝑛𝑑 = 𝑄𝐻,ℎ𝑡 − 𝜂𝐻,𝑔𝑛 ⋅ 𝑄𝑔𝑛 = 𝑄𝐻,𝑡𝑟 + 𝑄𝐻,𝑣𝑒 − 𝜂𝐻𝑔𝑛 ⋅ (𝑄𝑖𝑛𝑡+𝑄𝑠𝑜𝑙,𝑤)

𝑄𝐶,𝑛𝑑 = 𝑄𝑔𝑛 − 𝜂𝐻,𝑙𝑠 ⋅ 𝑄𝐶,ℎ𝑡 = (𝑄𝑖𝑛𝑡+𝑄𝑠𝑜𝑙,𝑤) − 𝜂𝐻𝑔𝑛 ⋅ 𝑄𝐶,𝑡𝑟 + 𝑄𝐶,𝑣𝑒



Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders Pag. 16

STEADY STATE ANALISYS

The equation that describes the behaviour of a building under steady state condition is:

Energy loss for transmission

Energy loss for ventilation

Energy contribution for internal gains

Energy contribution for solar gains

Net energy demand for heating

ηH,gn : utilization factor of the free contributions (function of the ratio of Qgn/QH,ht)  
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ENERGY LOSSES FOR TRANSMISSION

The transmission energy losses can be calculated as:

𝑄𝐻,𝑡𝑟 = 𝐻𝑡𝑟,𝑎𝑑𝑗 𝜃𝑖𝑛𝑡,𝑠𝑒𝑡,𝐻 − 𝜃𝑒 𝑡 +  𝐹𝑟,𝑘𝜑𝑟,𝑚𝑛,𝑘 𝑡 +  (1 − 𝑏𝑡𝑟)𝐹𝑟,𝑙𝜑𝑟,𝑚𝑛,𝑢,𝑙 𝑡 − 𝑄𝑠𝑜𝑙,𝑜𝑝

global heat transfer coefficient (W/K)

skywards extra flux (W)

skywards extra flux for non-heated zones (W)

𝐻𝑡𝑟,𝑎𝑑𝑗 = 𝐻𝐷 + 𝐻𝑔 + 𝐻𝑈 + 𝐻𝐴
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ENERGY LOSSES FOR TRANSMISSION

The transmission losses through external walls are calculated as below

 𝑄𝐻,𝑡𝑟 =
𝐴 𝜃𝑖 − 𝜃𝑒

𝑅𝑖 + 𝑅1 + 𝑅2 +⋯+ 𝑅𝑛 + 𝑅𝑒

UNI 6946: external ed internal convective/radiative heat transfer coefficient (m2 K/W)

Ascending heat flux Descending heat flux Horizontal heat flux

Ri 0,1 0,17 0,13

Re 0,04 0,04 0,04
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ENERGY LOSSES FOR TRANSMISSION

Good insulation

Low environmental impact 

Flammable

Very good insulation

Hight environmental impact 

Good insulation

Wood fiber

Mineral wool
Oil derivatives
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ENERGY LOSSES FOR TRANSMISSION

The airgel is a nanoporous material that is
compound by 97% of air and 3% of
silicon dioxide. It is really light and it has a
very low thermal conductivity, equal to λ =
0.013 W / mK, making it the material with
higher insulating power in the world.
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ENERGY LOSSES FOR TRANSMISSION

The transmission losses through windows are calculated as below

 𝑄𝐻,𝑡𝑟 = 𝐴𝑈𝑊 𝜃𝑖 − 𝜃𝑒

UNI 6946: external ed internal convective/radiative 
heat transfer coefficient (m2 K/W)

Horizontal heat flux

Ri 0,13

Re 0,04

𝑈𝑊 =
𝐴𝑔𝑈𝑔 + 𝐴𝑓𝑈𝑓 + 𝐼𝑔𝜓𝑔

𝐴𝑓 + 𝐴𝑔

linear (lineaica) thermal transmittance 
due to the combined effects of the 
spacer, frame and glaze
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ENERGY LOSSES FOR TRANSMISSION
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ENERGY LOSSES FOR TRANSMISSION

Extra flux for thermal bridge are calculated as below (UNI 14683, UNI 10211)

𝐻𝐷 = 
𝑖
𝐴𝑖 𝑈𝑖 + 

𝑘
𝑙𝑘 𝜓𝑘 + 

𝑗
𝜒𝑗

𝜓 =
𝜙2𝐷 −  𝑖

𝑁𝜙𝑖
1𝐷

𝐿𝑃𝑇Δ𝜃
=

𝜙2𝐷

𝐿𝑃𝑇Δ𝜃
− 

𝑖

𝑁 𝜙𝑖
1𝐷

𝐿𝑃𝑇Δ𝜃
= 𝐿2𝐷 − 

𝑖

𝑁

𝑈𝑖 𝑙𝑖

t

The linear thermal transmittance (Ψ) is equal to the heat flux
gap (compared to the value obtained with a one-dimensional
calculation) in a bi-tri dimensional thermal field, under steady
state condition, divided by a characteristic length of the thermal
bridge and to the temperature difference between inlet-outlet
surface:
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ENERGY LOSSES FOR TRANSMISSION

Extra flux for thermal bridge are calculated as below (UNI 14683, UNI 10211)

𝜓 =
𝜙2𝐷 −  𝑖

𝑁𝜙𝑖
1𝐷

𝐿𝑃𝑇Δ𝜃
=

𝜙2𝐷

𝐿𝑃𝑇Δ𝜃
− 

𝑖

𝑁 𝜙𝑖
1𝐷

𝐿𝑃𝑇Δ𝜃
= 𝐿2𝐷 − 

𝑖

𝑁

𝑈𝑖 𝑙𝑖

t

R – Roofs; C – Corners; IF – Internal Floors; IW – Internal
Wall; GF – Ground floors; P – Pillars; W – Windows and 
door openings. 
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ENERGY LOSSES FOR TRANSMISSION

The linear thermal transmittance of thermal bridges must be calculated through numerical models or manual calculation 
methods (UNI 14683). Some abacus are available to simplified the calculation.

t

A-dimensional transmittance 
U* = Uwall/Ubeam

Equivalent transmittance 
λeq= transmittance without 
insulation
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ENERGY LOSS VS INTERNAL ZONE

If we analysis the thermal loss trought a wall that divides a heated room by a un-heated zone a correction factor (btr) must 
be considered.

Where:
- Hiu is the heat exchange coefficient between the air-conditioned and non-conditioned environment, calculated 

according to UNI 13789 (W/K);
- Hue is the heat exchange coefficient between the and non-conditioned environment and the external, calculated 

according to UNI 13789 (W/K);

𝑏𝑡𝑟,𝑈 =
𝐻𝑢𝑒

𝐻𝑖𝑢 + 𝐻𝑢𝑒

Adjacent environment 𝑏𝑡𝑟,𝑈

Room with windows and at least two external wall 0,6

Not insulated crawl space 0,9

Cellar 0,5
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ENERGY LOSS VS INTERNAL ZONE

𝑏𝑡𝑟,𝑈 =
𝐻𝑢𝑒

𝐻𝑖𝑢 + 𝐻𝑢𝑒

Adjacent environment 𝑏𝑡𝑟,𝑈

Room with windows and at least two external wall 0,6

Not insulated crawl space 0,9

Cellar 0,5
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𝑄𝐻,𝑣𝑒 = 𝐻𝑣𝑒,𝑎𝑑𝑗 ∙ (𝜃𝑖𝑛𝑡,𝑠𝑒𝑡,𝐻 − 𝜃𝑒) ∙ 𝑡

𝐻𝑣𝑒,𝑎𝑑𝑗 = 𝜌𝑎 ∙ 𝐶𝑎 ∙ 
𝐾
𝑏𝑣𝑒,𝑘 ∙ 𝑞𝑣𝑒,𝑘,𝑚𝑛

Dove:
𝐻𝑣𝑒,𝑎𝑑𝑗 ventilation global coefficient[W/K];

θ𝑖𝑛𝑡,𝑠𝑒𝑡,𝐻 set point internal temperature[K];

θ𝑒, the external average monthly temperature [K];

𝑏𝑣𝑒,𝑘 temperature correction factor;

𝑞𝑣𝑒,𝑥 is the air flow rate averaged on time [m3/s];
Ca is the air specific heat 1000 J/kg K

ENERGY LOSSES FOR VENTILATION

The transmission losses due to ventilation (natural or forced) can be calculated as below:

Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders
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ENERGY LOSSES FOR VENTILATION

𝑄𝐻,𝑣𝑒 = 𝐻𝑣𝑒,𝑎𝑑𝑗 ∙ (𝜃𝑖𝑛𝑡,𝑠𝑒𝑡,𝐻 − 𝜃𝑒) ∙ 𝑡

𝐻𝑣𝑒,𝑎𝑑𝑗 = 𝜌𝑎 ∙ 𝐶𝑎 ∙ 
𝐾
𝑏𝑣𝑒,𝑘 ∙ 𝑞𝑣𝑒,𝑘,𝑚𝑛

correction factor < 1 (=1 with mechanical ventilation ) 

𝑞𝑣𝑒,𝑘,𝑚𝑛 = 𝑞𝑣𝑒,0 + 𝑞′𝑣𝑒,𝑥 𝑘 × 1 − 𝛽𝑘 + 𝑞𝑣𝑒,𝑓 × 𝑏𝑣𝑒 × 𝐹𝐶𝑣𝑒 + 𝑞𝑣𝑒,𝑥 𝑘 × 𝛽𝑘

Dove:
𝑞𝑣𝑒,0 is the flow air rate for natural ventilation [m3/s];

𝑞′𝑣𝑒,𝑥 is the flow rate due to wind effect [m3/s];

𝑞𝑣𝑒,𝑓 is the nominal flow rate of air for mechanical ventilation [m3/s];

𝑞𝑣𝑒,𝑥 is the extra air flow rate for leak [m3/s];
𝑏𝑣𝑒 is the temperature correction factor; 
𝐹𝐶𝑣𝑒 is the ventilation system regulation efficiency factor (tab);

𝛽𝑘 is the  time fraction in which the mechanical ventilation system is working 

during the  time fraction in which the mechanical 
ventilation system is not working (1 − 𝛽𝑘)

Ventilation heat transfer coefficiente
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ENERGY LOSSES FOR VENTILATION

𝑄𝐻,𝑣𝑒 = 𝐻𝑣𝑒,𝑎𝑑𝑗 ∙ (𝜃𝑖𝑛𝑡,𝑠𝑒𝑡,𝐻 − 𝜃𝑒) ∙ 𝑡

𝐻𝑣𝑒,𝑎𝑑𝑗 = 𝜌𝑎 ∙ 𝐶𝑎 ∙ 
𝐾
𝑏𝑣𝑒,𝑘 ∙ 𝑞𝑣𝑒,𝑘,𝑚𝑛

correction factor < 1 (=1 with mechanical ventilation ) 

𝑞𝑣𝑒,𝑘,𝑚𝑛 = 𝑞𝑣𝑒,0 + 𝑞′𝑣𝑒,𝑥 𝑘 × 1 − 𝛽𝑘 + 𝑞𝑣𝑒,𝑓 × 𝑏𝑣𝑒 × 𝐹𝐶𝑣𝑒 + 𝑞𝑣𝑒,𝑥 𝑘 × 𝛽𝑘

𝑞𝑣𝑒,𝑘,𝑚𝑛 = 𝑞𝑣𝑒,0,𝑘 × 𝑓𝑣𝑒,𝑡,𝑘 (Design condition – UNI 10339)

𝑞𝑣𝑒,0,𝑘= design flow rate. For residential buildings is equal to n V/3600 with n=0,5h-1

𝑓𝑣𝑒,𝑡,𝑘= utilization factor for time correction (table)

Ventilation heat transfer coefficiente
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ENERGY LOSSES FOR VENTILATION

𝑞𝑣𝑒,𝑘,𝑚𝑛 = 𝑞𝑣𝑒,0,𝑘 × 𝑓𝑣𝑒,𝑡,𝑘 (Design condition – UNI 10339)

𝑞𝑣𝑒,0,𝑘= design flow rate. For residential buildings is equal to n V/3600 with n=0,5h-1
𝑓𝑣𝑒,𝑡,𝑘= utilization factor for time correction (table)

𝑞𝑣𝑒,0,𝑘 is defined by the standard UNI 10339.

The standard provides the methodology for
calculating the mechanical ventilation flow
rate according to the type of building.
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ENERGY LOSSES FOR VENTILATION

𝑞𝑣𝑒,𝑘,𝑚𝑛 = 𝑞𝑣𝑒,0,𝑘 × 𝑓𝑣𝑒,𝑡,𝑘 (Design condition – UNI 10339)

𝑞𝑣𝑒,0,𝑘= design flow rate. For residential buildings is equal to n V/3600 with n=0,5h-1
𝑓𝑣𝑒,𝑡,𝑘= utilization factor for time correction (table)
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ENERGY LOSSES FOR VENTILATION

𝑄𝐻,𝑣𝑒 = 𝐻𝑣𝑒,𝑎𝑑𝑗 ∙ (𝜃𝑖𝑛𝑡,𝑠𝑒𝑡,𝐻 − 𝜃𝑒) ∙ 𝑡

𝐻𝑣𝑒,𝑎𝑑𝑗 = 𝜌𝑎 ∙ 𝐶𝑎 ∙ 
𝐾
𝑏𝑣𝑒,𝑘 ∙ 𝑞𝑣𝑒,𝑘,𝑚𝑛

correction factor < 1 (=1 with mechanical ventilation ) 

𝑞𝑣𝑒,𝑘,𝑚𝑛 = 𝑞𝑣𝑒,0 + 𝑞′𝑣𝑒,𝑥 𝑘 × 1 − 𝛽𝑘 + 𝑞𝑣𝑒,𝑓 × 𝑏𝑣𝑒 × 𝐹𝐶𝑣𝑒 + 𝑞𝑣𝑒,𝑥 𝑘 × 𝛽𝑘

Dove:
𝑞𝑣𝑒,0 is the flow air rate for natural ventilation [m3/s];

𝑞′𝑣𝑒,𝑥 is the flow rate due to wind effect [m3/s];

𝑞𝑣𝑒,𝑓 is the nominal flow rate of air for mechanical ventilation [m3/s];

𝑞𝑣𝑒,𝑥 is the extra air flow rate for leak [m3/s];
𝑏𝑣𝑒 is the temperature correction factor; 
𝐹𝐶𝑣𝑒 is the ventilation system regulation efficiency factor (tab);

𝛽𝑘 is the  time fraction in which the mechanical ventilation system is working 

during the  time fraction in which the mechanical 
ventilation system is not working (1 − 𝛽𝑘)

Ventilation heat transfer coefficiente
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ENERGY LOSSES FOR VENTILATION

Presence Sensor

Movement Sensor

CO2 Sensor

Flow rate control

Fun velocity control



07/11/2016 35

ENERGY LOSSES FOR VENTILATION

𝑞𝑣𝑒,0 = ( 
𝑘
𝑛𝑝𝑒𝑟,𝑘 × 𝑞𝑣𝑒,𝑜,𝑝,𝑘 + 

𝑘
𝐴𝑓,𝑘 × 𝑞𝑣𝑒,𝑜,𝑠,𝑘) ×

0,8

𝜀𝑣𝑒,𝑐
× (𝐶1 × 𝐶2)

Dove:
𝑞𝑣𝑒,𝑜,𝑝,𝑘 specific air flow rate per person [m3/sec person];

𝑞𝑣𝑒,𝑜,𝑝,𝑘 specific air flow rate per unit surface [m3/sec m2];

𝜀𝑣𝑒,𝑐 ventilation system efficiency (0,8);
𝐶1 coefficient for miscellaneous systems (1);
𝐶2 altitude correction factor (UNI 10339);

𝑞𝑣𝑒,0 = ( 
𝑘
𝑛𝑝𝑒𝑟,𝑘 × 𝑞𝑣𝑒,𝑜,𝑝,𝑘 + 

𝑘
𝐴𝑓,𝑘 × 𝑞𝑣𝑒,𝑜,𝑠,𝑘)

𝑞𝑣𝑒,0 = (
𝑛 𝑉

3600
)

Residential buildings with n equal to 0,5 h-1

Tutti gli edifici tranne:

𝑞𝑣𝑒,𝑘,𝑚𝑛 = 𝑞𝑣𝑒,0 + 𝑞′𝑣𝑒,𝑥 𝑘 × 1 − 𝛽𝑘 + 𝑞𝑣𝑒,𝑓 × 𝑏𝑣𝑒 × 𝐹𝐶𝑣𝑒 + 𝑞𝑣𝑒,𝑥 𝑘 × 𝛽𝑘
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SKYWARDS EXTRA FLOW 

At the end we have to consider the skywards extra flow between the external wall and the sky: 

𝜃𝑠𝑘𝑦 = 18 − 51,6 𝑒−𝑝𝑣,
𝑒

1000

ℎ𝑟 =
𝜀𝜎 𝜃𝑒 + 273 4 − 𝜃𝑒 + 273 4 −

𝜃𝑒 + 𝜃𝑠𝑘𝑦

𝐹𝑟 = 𝐹𝑠ℎ, 𝑜𝑏, 𝑑
1 + cosΣ

2

Where 𝜀 is the emissivity, Θ𝑠𝑘𝑦 is the sky temperature, Σ is the angle of 

inclination between the horizontal and the component, 𝐹𝑠ℎ, 𝑜𝑏, 𝑑 is the 
shading correction factor (1 with no shading).

𝑄𝑟 =  

𝑘

𝐹𝑟,𝑘𝜑𝑟,𝑘 𝑡

𝜑𝑟,𝑘 = 𝑅𝑠𝑒𝑈𝑐𝐴𝐶ℎ𝑟Δ𝜃𝑒𝑟

Δ𝜃𝑒𝑟 = 𝜃𝑒 − 𝜃𝑠𝑘𝑦
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SOLAR GAIN/LOAD

The solar heat gain/load can be calculate as the sum of the solar heat flux on the transparent and opaque surfaces: 

𝑄𝑠𝑜𝑙,𝑜𝑝 = 𝜑𝑠𝑜𝑙,𝑜𝑝,𝑚𝑛,𝑘 𝑡 + 1 − 𝑏𝑡𝑟 𝜑𝑠𝑜𝑙,𝑚𝑛,𝑢,𝑙 𝑡

𝑄𝑠𝑜𝑙,𝑤 = 𝜑𝑠𝑜𝑙,𝑤,𝑚𝑛,𝑘 𝑡 𝜑𝑠𝑜𝑙,𝑤/𝑜𝑝 = 𝐹𝑠ℎ,𝑜𝑏 𝐴𝑠𝑜𝑙𝑤/𝑜𝑝 Isol,k

𝐴𝑠𝑜𝑙,𝑤 = 𝐹𝑠ℎ,𝑔𝑙 𝑔𝑔𝑙 1 − FF Aw,p

𝐴𝑠𝑜𝑙,𝑜𝑝 = 𝛼𝑠𝑜𝑙,𝑐 𝑅𝑠𝑒𝑈𝑐,𝑒𝑞𝐴𝑐

𝐹𝑠ℎ,𝑔𝑙: solar gains reduction factor for mobile screenings (rolling shutter) (0,25 – 0,6 curtain)

𝑔𝑔𝑙: solar energy transmittance of the glass (0,85 – 0,2 from high to low emissivity)

𝛼𝑠𝑜𝑙,𝑐: solar absorption factor of the opaque component (0,3 – 0,6 – 0,9 from light to dark colour)
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SOLAR GAIN/LOAD

The solar heat gain/load can be calculate as the sum of the solar heat flux on the transparent and opaque surfaces: 

𝑄𝑠𝑜𝑙,𝑜𝑝 = 𝜑𝑠𝑜𝑙,𝑜𝑝,𝑚𝑛,𝑘 𝑡 + 1 − 𝑏𝑡𝑟 𝜑𝑠𝑜𝑙,𝑚𝑛,𝑢,𝑙 𝑡

𝑄𝑠𝑜𝑙,𝑤 = 𝜑𝑠𝑜𝑙,𝑤,𝑚𝑛,𝑘 𝑡 𝜑𝑠𝑜𝑙,𝑤/𝑜𝑝 = 𝐹𝑠ℎ,𝑜𝑏 𝐴𝑠𝑜𝑙𝑤/𝑜𝑝 Isol,k

𝐴𝑠𝑜𝑙,𝑤 = 𝐹𝑠ℎ,𝑔𝑙 𝑔𝑔𝑙 1 − FF Aw,p

𝐴𝑠𝑜𝑙,𝑜𝑝 = 𝛼𝑠𝑜𝑙,𝑐 𝑅𝑠𝑒𝑈𝑐,𝑒𝑞𝐴𝑐

𝐹𝑠ℎ,𝑔𝑙: solar gains reduction factor for mobile screenings (rolling shutter) (0,25 – 0,6 curtain)

𝑔𝑔𝑙: solar energy transmittance of the glass (0,85 – 0,2 from high to low emissivity)

𝛼𝑠𝑜𝑙,𝑐: solar absorption factor of the opaque component (0,3 – 0,6 – 0,9 from light to dark colour)
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INTERNAL GAIN

In generale il calcolo degli apporti termici deve essere svolto applicando la seguente formula:

Φ𝑖𝑛𝑡 =  

𝑘

𝜙𝑖𝑛𝑡,𝑚𝑛,𝑘 𝑡 +  

𝑘

1 − 𝑏𝑡𝑟,𝑙 𝜙𝑖𝑛𝑡,𝑚𝑛,𝑢,𝑙 𝑡

Dove:
btr,l è il fattore di riduzione per ambiente non climatizzato avente la sorgente di calore interna; 
Φint,mn,k è il flusso termico prodotto dalla k-esima sorgente di calore interna mediato sul tempo;
Φint,mn,k è il flusso termico prodotto dalla k-esima sorgente di calore interna all’ambiente non climatizzato mediato 

sul tempo;

Nota:
L’area climatizzata netta, in assenza di informazioni specifiche, può essere calcolata secondo la seguente formula:
𝑓𝑛 = 0,9761 − 0,3055 𝑑𝑚 dove dm è lo spessore delle pareti estene.
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INTERNAL GAIN

The internal gain/load depend on the use of the building.

For residential buildings it’s possible to use the following
correlations:

Φ𝑖𝑛𝑡 = 7,987 ∗ 𝐴𝑓 − 0,0353 ∗ 𝐴𝑓
2 with Af <= 120 m2

Φ𝑖𝑛𝑡 = 450𝑊 with Af > 120 m2

In other cases it’s possible to use tabuled data
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INTERNAL GAIN

QH,hum,nd = - min (0 ; Qwv,int – QH,wv,ve)
QC,dhum,nd = max (0 ; Qwv,int – QC,wv,ve)

QHC,wv,ve = 𝜌𝑎 ℎ𝑤𝑣 𝑞𝑣𝑒,𝑚𝑛 𝑥𝑖𝑛𝑡 − 𝑥 𝑡/3600

density: 1,2 kg/m3

external air 
humidity g/kg

internal air humidity g/kg

air flow rate m3/s

enthalpy: 2544 J/g
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INTERNAL GAIN

Per le abitazioni di categoria E.1 (1) e (2):
G𝑤𝑣,𝑂𝑐 + G𝑤𝑣,𝐴 = 250 [g/h]

G𝑤𝑣,𝑂𝑐 steam mass flow rete due to the equipment;

G𝑤𝑣,𝐴 steam mass flow rete due to the equipment.

QH,hum,nd = - min (0 ; Qwv,int – QH,wv,ve)
QC,dhum,nd = max (0 ; Qwv,int – QC,wv,ve)

Qwv,int = ℎ𝑤𝑣(G𝑤𝑣,𝑂𝑐+G𝑤𝑣,𝐴)𝑡/3600

enthalpy: 2544 J/g
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INTERNAL GAIN

For example:
G𝑤𝑣,𝑂𝑐 + G𝑤𝑣,𝐴 = 250 [g/h]
Tin = 20°C – 50%;
Text: 5°C – 35%;
Qve,mn=50 m3/h

QH,hum,nd = - min (0 ; Qwv,int – QH,wv,ve)

QHC,wv,ve = 𝜌𝑎 ℎ𝑤𝑣 𝑞𝑣𝑒,𝑚𝑛 𝑥𝑖𝑛𝑡 − 𝑥 𝑡
= 1,2 x 2544 x 500 x (9−2) x 1/1000 = 10685 kJ = 2,97 kWh

Qwv,int = ℎ𝑤𝑣(G𝑤𝑣,𝑂𝑐+G𝑤𝑣,𝐴)𝑡/3600
= 2544 x 250 / 1000 = 636 kJ = 0,18 kWh

-min (0; 0,18 – 2,97) = 2,79 kWh is the energy that
has to be transferred to air.
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FREE CONTRIBUTION - UTILIZATION FACTOR

The utilization factor is the only dynamic parameter and it can be calculated with the following wquations:
Heating

𝛾=Qgn/Qh,ht

aH = aH,0+τ/ τH,0

Where τ is the thermal time constant of the time zone τ = Cm/Htr,adj where Cm is the internal thermal capacity. 
aH,0 : 1
τH,0  : 15 h

𝑄𝐻,𝑡𝑟 = 𝐻𝑡𝑟,𝑎𝑑𝑗 𝜃𝑖𝑛𝑡,𝑠𝑒𝑡,𝐻 − 𝜃𝑒 𝑡 +  𝐹𝑟,𝑘𝜑𝑟,𝑚𝑛,𝑘 𝑡 +  (1 − 𝑏𝑡𝑟)𝐹𝑟,𝑙𝜑𝑟,𝑚𝑛,𝑢,𝑙 𝑡 − 𝑄𝑠𝑜𝑙,𝑜𝑝
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FREE CONTRIBUTION - UTILIZATION FACTOR

The utilization factor is the only dynamic parameter and it can be calculated with the following wquations:
Cooling

𝛾=Qgn/Qh,ht

aC = aC,0+τ/ τC,0 – K(Aw/Af)

Where τ is the thermal time constant of the time zone τ = Cm/Htr,adj where Cm is the internal thermal capacity, Aw is the 
windows and Af is the floor surface. 
aC,0 : 8,1
τC,0  : 17 h
K    : 13

𝑄𝐻,𝑡𝑟 = 𝐻𝑡𝑟,𝑎𝑑𝑗 𝜃𝑖𝑛𝑡,𝑠𝑒𝑡,𝐻 − 𝜃𝑒 𝑡 +  𝐹𝑟,𝑘𝜑𝑟,𝑚𝑛,𝑘 𝑡 +  (1 − 𝑏𝑡𝑟)𝐹𝑟,𝑙𝜑𝑟,𝑚𝑛,𝑢,𝑙 𝑡 − 𝑄𝑠𝑜𝑙,𝑜𝑝
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END PART 1/2
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