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Sustainable Building

What does Sustainable Building mean?
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About 40% of European energy consumption is related
Flinded by the to the Building sector and the most part is linked to
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: : Buildings energy consumption has become a relevant
The Bu Ild ! ng SECtor international issue and several policy measures for energy
saving are under discussion in many countries

The estimation of energy demand is a complex task; nevertheless, it
IS important to assess the contribution of all the activities that take
place within buildings in terms of energy consumptions

Studying the factors that affect the energy performance of a
buildings and the energy characteristics of building constructions
Is essential to perform a careful analysis of heating energy
demand
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Building Thermal Balance

When a building is designed, the engineer must evaluate all the exchanges that the building
thermodynamic system exchanges with the surrounding environment.

The goal is to create a comfortable building for the occupants. ‘ S’

RO -/’s-

QOutdoor space

The building is not an object im its owm right, but
part of an interactive and dynamic system, that:
considers the natural (earth, water, wind; sun;,
vegetation) and social (identity and belonging
to places) and technical (materials, geometry)
elements , position ..)

Solar heat gain / flux

\ Ventilation losses

Heat transfer towards outdoor space
(stored heat not shown)

Heat transfer towards adjacent spaces
(stored heat not shown)

Adjacent space

—» Convective heat gain / flux

Adjacent space 110 A+ Radiative heat gain / flux
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Heating Thermal Balance

LOSSES GAINS

Outdoor space

-+ Solar heat gain / flux n E Bt

|
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Heat transfer towards adjacent spaces |
(stored heat not shown)

Adjacent space

_\ Ventilation losses 'é"‘ ‘--..__‘_& 'ﬂ_ Ql
Heat transfer towards outdoor space QLI []
(stored heat not shown) ""ﬂ

—» Convective heat gain / flux tl?

Adjacent space I —\\A+ Radiative heat gain / flux

NEEDS Q= UA (Tindoor~ Toutdoor)
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Heating Thermal Balance

/\ All Transmission Losses
ey B Qt

4= QL= Q+Qy+Qy+Qu =
o (HrHv) [MJ]
Qu [] Q+ = heat losses through the opaque and glass building surface
s Qy= Ventilation losses from the windows or door
| Qv Qg = heat losses from the building to the ground
V Qg Qu= heat losses to unheated confined spaces

Heat Losses

Transmission losses are those amounts of heat, which flow through the building envelope from inside to outside by conduction
or heat transfer, respectively.

Ventilation losses are caused by exchange of warm indoor air with colder outdoor air. The user independent air exchange is
through joints by infiltration or exfiltration, respectively. In addition, room air can be exchanged through open windows or by a
mechanical ventilation system. Ventilation is indispensable, up to a certain extend, to assure the hygienically necessary air
exchange rate.
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Heating Thermal Balance All Heat Gains
Qs= Qi+Qs [MJ]
Oﬁ/\
Jlllr 1_\..-" s {::}
QS "‘---..E \ Intgrnal‘.‘
1y 4G gL
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Heat Gains

Solar gains Qg are irradiations of solar energy through windows and other transparent or translucent constructional elements.
Also added to the solar gains, is that part of the solar heating of the opaque building envelope, from which the indoor area
benefits.

Internal gains Qi are heat outputs from persons, appliances, computers and other electric devices, as well as from illumination.
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Heating Thermal Energy Demand Qy

... is exactly that amount of heat, which is necessary to maintain the desired
room temperature by compensating the excess of losses compared to the

ains. e
& Utilization factor
Heat balance of a building
Ventilation *"""_""'j @ G
losses Internal T‘h v P
pesing 9 Heat Losses ermal gams
Transmission ||  aeecccanc
losses Saolar
i\ gains ‘ Utilization factor
is a parameter that has the function of compensating for the additional losses

that occur when the thermal gains are greater than the losses, i.e. the thermal
energy accumulated by the building masses
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Energy performance index for winter air conditioning

The Primary Energy for winter air conditioning can be obtained as:

PE = (Qu/ Afio)

Where: ngl

Qy, = Heating Thermal Energy Demand , expressed in kWh;
A, = the useful surface (floor) expressed in m2;
Ng = global seasonal efficiency of the plant-system
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QH = Heating Thermal Energy Demand

Qru=0QL-nt Qg

Heat Losses

0,024HT+HV)

transmission and ventilation losses
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A heating degree day (HDD) is a measurement designed to quantify the
demand for energy needed to heat a building. It is the number of degrees
that a day's average temperature is below 65° Fahrenheit (18° Celsius),
which is the temperature below which buildings need to be heated.

Each city has a specific HDD value:
Palermo (South Italy): HDD=751 °C/day, Heating Period: from 1° December to 31° March
Belluno (North Italy): HDD 3043 °C/day; Heating Period: all year
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QH = Heating Thermal Energy Demand

Qu=0QL-ns Qc

Heat Losses

0,024'HDD (H;+H,) Q+Q)

Internal and solar gains

Thermal gains

transmission and ventilation losses
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QH = Heating Thermal Energy Demand

Qu=_ HDD (Hr+ H,) Qs +Qj)

0,024 = 24
1000
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Simplied Procedure

Determination of all parameters
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H; Overall transmission
coefficient

H=25Uh,

Where is it:

Si= disperding surfaces that enclose the gross heated volume. Surfaces facing
other rooms heated to the same temperature [m2] are not considered,;

Ui = thermal transmittance of the structure [W/m2K]

btr, i = correction factor of the heat exchange towards non-conditioned
environments or towards the ground (dimensionless)
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. City: Palermo

Elrjgsgﬂsbg Ig;ggramme H|- o LJ' h]’,i HDD= 751
of the European Union Heating period'
from 1° December to 31° March
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Example
North 4°C
If we calculate the temperature
" difference for all walls with
ﬂ D different conditions, we have:
West QE 20°C (Tindoor - Text): (20'4): 16°C
East
20°C uj
| ; (Tindoor - Tlndoor): (20'20): 0°C
4°C [[[:]1
(Tindoor - Tgarage): (20'10): 10°C
- o
4°C (Tindoor_ Tground): (20'5): 15°C
South
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Si= Dispersing surfaces
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U= Thermal Trasmittance

It is a physical quantity that measures the amount of thermal power exchanged by a material
or body per unit of surface area and unit of difference of temperature. It defines the tendency
of an element to exchange energy, that is the inverse of the insulating capacity of a body. It is
measured in W /(m2K).

The transmittance is the inverse of the total thermal

1 1 |_ W _| resistance
:ﬁ — §‘ 1 LrnZK « hiis an internal adductive coefficient which depends on
‘|‘_ whether the internal surface is vertical, horizontal or inclined
h Z;\' he * he s an external adductive coefficient which depends on
' whether the external surface is vertical, horizontal or inclineds

» sisthe thickness of the single materiall
| is the thermal conductivity of the material

All walls, roof, floor and windows are characterized by a transmittance

. 1862 ST,
SEN G 15 £y {a% UNIVERSITA
' VILNIUS ,{{}‘n, HAM K £ ¢ @Y 2 prcL sTUDI
TECH HAMEEN AMMATTIKORKEAKOULU % €24 DI PALERMO

RIGA TECHNICAL HAME UNIVERSITY OF APPLIED SCIENCES
UNIVERSITY




Funded by the
Erasmus+ Programme
of the European Union

WooD
CIRCLE

Uwall=Wall Trasmittance

- -

o
75

A

St

e ;;ﬂ
S
25

::ﬁ’f

it
(._4/

o

P,
SRR
s
S
-
i

>
L7
%

e

e

2

o

J,
7
7
7
o5

i
o

Sa= 12 cm of brick

507 Semotplaster

Horizontal Vertical Horizontal
surface surface surface Conductiv |ty
ascending flow downward flow _
; o i . la= 0,36 W/mK
|lb= 0,07 W/mK
he 25 23 25
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U= Thermal Trasmittance

=1 _ 1 |_W_|

RU l_|_2%_|_ L . Sa_l_ib_l__l _1+o,12 +o,03 1
8 la |IDb 23 8 035 007 923

For vertical Wall For vertical Wall U wall = 1,064 W/im2K
is equal to 8 is equal to 23
W/mK W/mK
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t .
room with an external wall 0.4 0,

o 4
( O r re ( t I O n fa ( t O r environment without external doors and windows [k
and with at least two external walls 0.5
environment with external doors and windows 0,6
and with at least two external walls 0,6
Condition btr value room with three external walls 0,8 0,8
basement or basement without windows or 0,5

il
WooD
IN
CIRCLE

floor in contact with the 0,45 external doors 0.5 . .
basement or basement with external windows or 0,8
ground doors 0.8

attic with high ventilation rate without felt or 1

wall in contact with the 0,45 olanking 1.0
ground attic with non-insulated roof of another type 0.9 0,9
floor on ventilated crawl 0,8

0,7
space freely ventilated internal circulation areas0.4 04

It is a correction coefficient that changes
according to the condition that exists in the
environment in contact with the home
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Example
North 4°C 1. ItlIs consider a coefficient
btr=1 for all external wall
e
A ﬂ 2. lItls consider a coefficient
E ] - btr=0 for all internal wall
West (-
&0 A East : .
XL 20°C u] 3. lItlIs consider a coefficient
D\\ =at N /% “ btr between 0 and 1, for all
i P other conditions. The value
u[:]n of which depends on the
condition of the
a neighboring environment
south  * ¢ (see the Table)
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Hy
Overall transmission coefficient

West

=S, XU . X1+ S,xU,, . X1+ SyxU,, X1+ SyxU,, X1+ ScxU,, . x1+ SgxU,,.x0,6+
S7XUwaIIXO16+ Sgroundx Uground X 0145
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Hv
Overall ventilation coefficient

H,=0.34-n-V 4

Where:

- n =number of air changes; and residential building is equal to 0.3 vol / h;

- Vnet = net volume of the air-conditioned environment assumed equal to 70% of
the gross volume
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Qu=[0,024 HDD (H+ H,)- n¢ (Qs +Q)

All the parameters of the first part of the equation have been defined
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Qu= 0,024 HDD (Hr+ H,)- iy (Qs +Q) |

The second part of the equation involves the determination of internal gains
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Qs
Solar gains

Qs=0.2 D Iy Seems
esposizone

Where

-0.2 = reduction coefficient which takes into account the solar factor of the transparent elements
and average shadings;

- lIsol, i = total seasonal irradiance (in the heating period) in the vertical plane, for each exposure
- Sserr,j=total surface of a single window or transparent component
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City: Palermo
HDD= 751

Heating period:
from 1° December to 31° March

£1 North £
7
: |
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F8 || I
\ 5 \i’:' IPOSTIGI
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7
F7 —
I
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F6 F5

Qs=0.2 Z Is.ol,i 'Sserr,i

esposizone
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data provided by technical standards
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Qi

internal gains
Q- -A-h)
1000

Where is it:

-®i = internal gains in residential building, assumed conventional value equal to 4 W/
m2,;

- h = number of hours in the heating season — is function of the climate (Degree days)
- Ai: internal superface of the floor
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All parameters of the Heating Thermal Energy Demand equation have been
determined

Qy= 0,024 HDD (Hr+ H,) - n¢ (Qs +Qj)
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ng Global seasonal efficiency

IN
%  CIRCLE

Ty =T T} -Th T

ne = emission efficiency, it depends on the type of emitting system chosen (radiators, fan
coils, air vents); this value is tabulated

nrg = regulation efficiency, depends on the regulation system (thermostat, climatic probe,
etc); this value is tabulated

nd = distribution efficiency, it depends on how the pipe has been distributed and what
type of insulation the pipe has; this value is tabulated

ng = generation efficiency, it depends on the heat generator (gas boiler, biomass boiler,
electric split, etc) this value is sought in the technical sheet of the chosen generator
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Thank you

Giuseppina Ciulla
giuseppina.ciulla@unipa.it
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