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Properties and behaviour of the building thermal envelope.

Ssummary :
1. The building envelope.
2. Common types of facades, walls and roofs
3. Heat losses through the envelope
4. Thermal properties of a wall
5. Insulation products for buildings

6. Thermal properties of windows
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7. Thermal Envelope Code Requirements. 1

8. Alternatives to improve the thermal envelope of existing

buildings
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1. The building thermal envelope :

Conditioned Space
within the Envelope

‘ BIM4ENERGY
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1. The building thermal envelope :

Optional thermal
solar panel

Triple glazed
low-e glazing

The term “building  thermal
envelope” is defined as being “the

. Sun shading
basement walls, exterior walls, floor, tiiold (
I overheating
roof and any other building elements (summer) SUPPLY EXTRACT —
that enclose conditioned spaces.” Excellent High
. . airtightness insulation
This boundary also includes the
Mo thermal

boundary between conditioned space i bridges
. esigned for

or provides a boundary between  passivesolargain

conditioned space and exempt or

unconditioned space.

BIMAENERGY Small heating
E R A S M U S  + system

Ventilation system
with heat recovery
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2. Common types of facades, walls and roofs

Facade type I: Facade with double brick wall

External

Internal

Layers

- MO1 - 100 mm brick: 10.16 cm

- 104 - 89 mm batt insulation: 8.94 ¢cm

- FO4 - Wall air space resistance: 3.00 cm
- MO1 - 100 mm brick: 10.16 cm

- GO1 - 16 mm gyp board: 1.59 cm
Total thickness: 33.85 cm

[ B S B A

Thermal description

Heat transfer coefficient (U): 0.39 W/(m*K)
Thermal capacity: 51975.29 J/m*K

)

BIMAENERGY

E R A S M U s



Universidad
el s’ EUROPEAN . . Co-funded by
Politécnica —@JT n o Tutorial about Building Thermal Envelope the European Union

de Cartagena

Properties and behaviour of the building thermal envelope. Alternatives to improve BEE

2. Common types of facades, walls and roofs

Facade type Il: Ventilated facade

Ventilated air chamber

Capas

1 - Caliza muy dura [2200 < d < 2590]: 2.00 cm

2 - Camara de aire: 5.00 cm

3 - URSA TERRA Vento Plus P8792 80mm: 8.00 cm

4 - 1/2 pie LP métrico o catalan 40 mm< G < 60 mm: 12.00 cm
5 - Enlucido de yeso 1000 < d < 1300: 2.00 cm

Espesor total: 29.00 cm

/

Caliza stone cladding

Exterior
Interior

Caracterizacion térmica

Transmitancia térmica (U): 0.33 W/(m?K)
Capacidad térmica: 61992.71 J/m*K

\ 1BIM4ENERGY
E R A S M U s +

_ !} Plaster coating
&

Insulation layer
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2. Common types of facades, walls and roofs

Facade type lll: Facade with timber wall

wooden battens
(intermediate
structure in the
insulation layer)

CLT ceiling board

joint-sealing
tape

Structure:

¢ CLT wall board
insulation (mineral wool)
vertical seal (for wind-tightness)
battens

horizontal wall cladding

1 BIM4ENERGY
E R A S M V] S +

CLT wall board
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2. Common types of facades, walls and roofs

Party wall: Wall with interior insulation and plasterboard covering

S Concrete or brick wall

Galvanized steel profile (C stud)

" Insolation layer

BIMAENERGY

E R A S M U s

— Gypsum cardboard 1
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2. Common types of facades, walls and roofs

Roof type I: Flat roof

paving slabs on spaces pads gravel ballasi
waler flew reducing Linner
XFS insulation
waterproofing layer
scread o (alis

concrate slab

- 1BIM4ENERGY
E R A S M V] S +
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2. Common types of facades, walls and roofs

Roof type lI: Tiled roof with brick walls

Ventilated air chamber

Ceramic roof tile \

Brick wall

Mostar screed

Insulation layer ‘ BIM4ENERGY

E R A S M U s
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2. Common types of facades, walls and roofs

Roof Type lll: Tiled roof with timber structure

ventilation
Shingles
underlayment

Peoking

tnsulation. 1BIM4ENERGY

E R A S M U s
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3. Heat losses through the envelope (heat transfer mechanisms):

The ability to hold indoor air temperature at
the desired level is affected by all three
methods of heat transfer:

m Conduction
m Convection
m Radiation

1 BIM4ENERGY
E R A S M V] S +

12



= - -
YA Universidad Co-funded by

¥ o 7 . - - =
<§;;' Zglgggézna Tutorial about Building Thermal Envelope the European Union

Properties and behaviour of the building thermal envelope. Alternatives to improve BEE

3. Heat losses through the envelope (heat transfer mechanisms):

Conduction

m Requires that surfaces touch for solid-solid heat
transfer.

m Because the different materials in an insulated
assembly touch each other, conduction heat loss
occurs through solid components of the building
envelope.

m For example, heat flows by conduction from :
warm areas to the cooler areas of concrete Interior
slabs, window glass, walls, ceilings, and other
solid materials.

#+ Flujo de calor

Exterior

1 BIM4ENERGY
E R A S M V] S +
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3. Heat losses through the envelope (heat transfer mechanisms):

Convection

m Transferring heat from one place to another by
molecular movement through fluids such as water
or air.

m Heat loss by convection commonly results from
exfiltration or air leakage.

= Convective heat loss occurs when warm air is
forced out, usually from the buuldlnc% (exfiltration),
by cold incoming air, usually in the lower part
(infiltration).

m The rate of transfer is increased when the wind

- blows against the building or when the

- | temperature difference between the inside and

ey outside increases

= Al leaking into the housa \ BIM4ENERGY

s fir leaking out of the houss

PLUMBING
STACK VENT I

T T

E R A S M U s

14
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3. Heat losses through the envelope (heat transfer mechanisms):

P A s Radiation
gj; |
incident m Radiation is the heat transfer by
. o . electromagnetic waves from a warmer to a
Ra " cooler surface.
,
Bt 1 N directly transmitted m The transfer of the sun's heat to a roof or
energy __ﬁe_emgd G | the warmth of a standing near a glass
e L k M energy K furnace are examples of radiant heat
‘ =Ty -7 transfer.

R 1BIM4ENERGY

E R A S M U s
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3. Heat losses through the envelope (heat transfer mechanisms):

The thermal conductivity of a material is a measure of its ability to conduct heat. It is commonly
denoted by k, A or k and is measured in W/m-K.

This property is independent of the thickness of the material

Heat transfer occurs at a lower rate in materials of low thermal conductivity than in materials of
high thermal conductivity.

No Building Material Density (kg/m3) K (W/m.K)

1 Concrete 2.400 1,448

2 Aerated Concrete 960 0,303

3 Plastered Clay Brick 1.760 0,807

4 Exposed Clay Brick 1,154

5 Glass 2.512 1,053

6 Gypsum board 880 0,170

7 Steel 7.840 476 \ BIMAENERGY
8  Granite 2.640 2,927 ERAS MU

9 Marble/Ceramic/Terazzo 2.640 1,298

Source: SNI 03- 6389- 2000
16
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4. Insulation products for buildings:

- Mineral wool insulation (high bulk density range) A =0.038 W/m-K
+— - Insulation board with a core of rigid polyurethane (PIR) A = 0.022 W/m-K

- Polyurethane thermal insulation spray foam A = 0.02 - 0.03 W/m-K

/- Expanded polystyrene foam (EPS) A = 0.035-0.037 W/m-K _— — A
/ - Extruded Polystyrene or Styrofoam (XPS) panels A = 0.024 W/m-K o Building Material Density (kg/m3) K (W/m.K)
/ Concrete 2.400 1448

- Cellulose fibre insulation A = 0.04 W/m-K E— - 0303

- Cork>hased thermal insulation panels A = 0.037 — 0.040 W/m-K m—ver— e e

Exposed Clay Brick 1154

Glass 2.512 1,053
Gypsum board 880 0,170
Steel 7.840 476
Granite 2.640 2,927
Marble/Ceramic/Terazzo 2.640 1,298
Source: SNI 03- 6389- 2000

\ BIM4ENERGY

17
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5. Thermal properties of a wall or a roof:

Conductance (or thermal transmittance, or U-value) of an element (wall or window)

N

Amount of heat
Transferred due to
temperature difference

U=5.7W/sgm K
‘ BIM4ENERGY
E R A S M V] S +

18
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5. Thermal properties of a wall or a roof:

Conductance (or thermal transmittance, or U-value) of an element (wall or window)
How to calculate the U-value of a wall:

The thermal transmittance U (W/m? -K) is given by the following expression:

|
U=— (1)
R, 1BIM4ENERGY
R the total thermal resistance of the wall [m?-K/W]: ERASMUS
R, =R, +R,+R, +..+R +R, (2)

R1, Rz ...R, the thermal resistances of each layer defined according to expression (3) [m?2 -K/ WJ;

Rs and R,. are the surface thermal resistances corresponding to indoor and outdoor air respectively,
taken from Table 1 according to the position of the enclosure, direction of heat flow and
its location in the building [m? -K/ W].
e

k== (3)

R thermal resistance of a layer; e thickness of the layer; A conductivity of the layer material 19
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5. Thermal properties of a wall or a roof:

Thermal inertia

(a)

Temperature (K] $ . . .
Thermal mass iS a property Qutdoor temperature excitation weall Indoor temperature response Thermal Inertla: CapaCIty Of a
of the mass of a building that b ' [ material to store heat and to delay

: | . ..
enables |t tO Store heat and Wimage: il gffin i e e i | I I i N e L £ A |tS transmlss'on
provide inertia against T, [ S
. | x .

temperature fluctuations. A \/ . Thermal Inertia

P =2 fC A = .« Jé pi

{h} P: thermal |nenj3| C: Volumetric heat Capaﬂit}f, C. SPECiﬁC heat,
Temperature (K) 4 A : thermal conductivity

phase lag ¢
I

* e < BIM4ENERGY
) | E R A S M U S +
3 \ ; > IJ||:I"I ,ﬂ.c
................... | . .
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6. Thermal properties of a windows:

Key Performance Factors

f Total Heat Gain / Heat Transmission

® SHGC or SF : Solar Heat Gain Coefficient or
Solar Factor

® U Value

f Light Transmission: percentage of incident
light transmitted

1 BIM4ENERGY
E R A S M V] S +

21
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6. Thermal properties of a windows:
Light Transmission (LT):

Light required for
working = 500 Lux

Sun light: 90,000
to 113000 Lux

Shade :
9,000Lux

1 BIM4ENERGY
E R A S M V] S +

22

Thus.....
Light transmission needs to be optimised to reduce
GLARE and enhance occupant COMFORT
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6. Thermal properties of a windows:

Simple Modification - Reflectors

Avoids excessive glare, increased depth of natural
day lighting and acting as shade to vision area

b

e e
R 2

i
2

2
R R e e R R e S S R R e
.,

g
FE I
TSR

b
L
o

™
(4

=
=

) |
(] -’J- _l-
e o
S S
&
i3
&8

i 25H 1BIM4ENERGY
E R A S M V] S +
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6. Thermal properties of a windows:
Modern Mechanism: Effective Day Light o

Ceramic Fritting

1BIM4ENERGY
Shading Device: Horizontal or ERASMUS

Light Selves vertical

24
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6. Thermal properties of a windows:

Total Heat Gain
Electromagnetic Spectrum at Terrestrial Level

TOTAL HEAT GAIN
- =
Amount of heat

_Heat Sl due_ tc_) .,:*jl .| Transferred due to
direct solar radiation | ~

/
-~

temperature difference

BIMAENERGY

E R A S M U s

Near Infra Red Far Infra Red
*\ 1

.25 .38 78 2.50 S50 p

Wave Length
T
SAINT-GOBAIN
GLAsS

25
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6. Thermal properties of a windows:

weat ga ol Solar Factor (SF) or Sol
due to Direct re-emitted energy olar Factor (SF) or Solar
i Heat gain coefficient (SHGC)
solar radiation =S F/SHGC

incident
solar P =
0 o :
radiation o e
7 N
fl ‘ ! directly transmitted “
reflected —,
energy —P - . I BIM4AENERGY
re-emitted l T ki ,r oY aER R
energy \e\nergy - _ .
D " -

o
26
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6. Thermal properties of a windows:

Amount of heat

Transferred due to
temperature difference

Area=1m?

U=5.7W/sqm K

T, =1°C T, =0°C
1 BIM4ENERGY

E R A S M U s

27
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6. Thermal properties of a windows:

Energy Performance: Tropical Climate

Solar
incident
energy =
500 W/sgm

Temperature
differential
=15°C

Clear Glass
In DGU

Low e
In DGU

Hard Coat
Solar Control
In DGU

High Performance
Coated Glass
In DGU

ECBC

Solar Factor: 0.73

U Value: 2.8 W/sqm K

Solar Factor: 0.57

U Value: 1.8 W/sqm K

Solar Factor: 0.34

U Value: 2.8 W/isqm K

Solar Factor: 0.18

U Value: 2.6 W/sgm K

Solar Factor: 0.25

U Value: 3.2 W/isqm K

365

42

285

27

170

42

90

39

125

48

s

407 W/sqm

312 W/sgm

212 Wisgm

129 Wisgm

173 W/isgm

)

BIMAENERGY

E R A S M U s
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6. Thermal properties of a windows:

Walls, windows, shading and solar gains

Wall should be designed to have insulation
Window area should be [imited to 10-30% of the wall area

Windows should be highly efficient, particularly if more than 25% of the wall
area (both thermal protection and solar protection)

Shading with overhangs should be designed based on solar angles (i.e.
typically overhangs are more effective on North and South walls)

Shading with movable external shades can be highly effective for optimized
daylighting and controlling solar gains.

+ Shutters 1 BIM4ENERGY
e Movable blinds ERASMUS -+

29
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7. Thermal Envelope Code Requirements.

Spanish Technical Building Code

Buildings must have a thermal envelope that limits their primary energy needs according to the
climatic zone, its use and its compactness.

In order to comply with this section, it is necessary to check five aspects:

1. Limitations in the global transmittance of the thermal envelope (K) and transmittances
by elements (U,.,)

Solar Control of the Thermal Envelope (dsqy, 1)

The air permeability of the thermal envelope (Q,,, and ng;)

i & W N

Limit imbalances between units of use (U, interior partitions) 1 BIM4ENERGY

E R A S M U s

Condensation control.

30
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Hip: Thermal
conductivity of the
insulation layer A =

7. Thermal Envelope Code Requirements.

. \ Guideline tablg for new construction §r interventions on the building as a whole: 0.032 W/m-K
Spanish WALLS
. Table a - Annex E  Thermal transmittance of the element as a guideline for compliance with K, U [W/m2K]. Cement mortar
TEC h n |Ca I . ] Perforated brick
- Element Winter climate zone Insulation (A=0.032 Wr2)
Buildi Nng Code a A B C D E Double hollow brick
Walls and floors in contact with outside Gypsum plaster

it (e o) 056 050 038 029 027 023
Cartagena: Zone B ﬂ_ﬂ,‘,ﬂ,ﬁ;‘,‘f};‘,’;‘,ﬂ 4 5 / 9,5 10,5 12,5 COVERS

Covers in contact with outside air (uc) Ceramic file

0,50 0,44 0,33 0,23 0,22 0,19 Cement mortar

i = Winz
cm of insulatiod 55 6 13 13,5 16 Insulation (A=0.032 ™)
.................................................................... Lightweight aggregate

concrete
Ceramic forging

Walls, floors and roofs in contact with
non-habitable spaces or with the

ground (ur) 0.80 0,80 0,69 0,48 0,48 048

Partition walls or interior partitions Floor
belonging to the thermal envelope Ceramic file
(uwo) Cement mortar
1 BIMAENERGY cm of insulation I{ 2 2 5] ] 2 Insulation (A=0.032 W/m?)
E R A s M U S . IIIIIIII. IIIIIIIIIIIIIIIIIIIIIIII e Relnforced Concrete ﬂoor
Openings (frame, glass and, if
applicable, louver box) (ux)* (UH)* 2,7 2,7 2,0 2,0 1.6 1.5

(UH)* (UH)
glass composition and metallic carpentry, || BE4/8/6 BE4/8/6 | BE4/10/6) BE4/10/6 BE4/12Ar BE4/M4Ar6
without roller shutter drawer | SinRPT SinRPT RPT RPT RPT RPT r

31
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. Hip: Thermal
7. Thermal Envelope Code Requirements. conductivity of the
; e — insulation layer A =
‘ Tablq for interventions in existing buildings y
0.032 W/m-K
S p anis h Table 3.1.1.a-HE1 Thermal transmittance limit values, uim [W/m?K]. WALLS
. Winter climate zone Cement mortar
TECh NICa I Element Perforated brick
Buildi Cod a A B C D E Insulation (A=0.032 Wr2)
uliain ode i ith outsid Double hollow brick
g :‘:’ra&ssa::) floors in contact with outside 0,80 0.70 0,56 0,49 0,41 037
cm of insulaticml‘ 25 3 4 5 6.5 7 Gypsum plaster
Covers in contact with outside air (uc) 055 0.50 044 040 035 0.33 COVERS
f insulati N 5 55 6.5 7 3 85 Ceramic tile
IIIIIIIIIIIIIIIIIIIIIIIIIIIIII cm 0 Insua IOn IIIIIIIIIIIIIIIIIIII-IIIII ) IlIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIII-IIIIIII Cement mortar
Cart .7 B Walls, floors and roofs in contact with Insulation (A=0.032 Wm2)
ar agena' one non-habitable spaces or with the Lightweight aggregate
ground (ut) concrete
Partition walls or interior partitions 0,90 0.80 0,75 0,70 065 0,59 Ceramic forging
belonging to the thermal envelope
o ez o
cm of insulation 15 2 25 25 3 35 —
................................................................................................. Ceramic tile
Openings (frame, glass and, if Cement mortar
applicable, louver box) (ux)* (UH)" 3.2 2,7 2,3 21 1.8 1,80 Insulation (A=0.032 Wm2)
BIMAENERGY (UH)* (UH) Reinforced concrete floor
E RA S MU S + glass composition and metallic carpentry, ||| 4/16/6 BE4/8/6 | BE4/8/6 |BE4/10/6 BE4/20/6 BE4/20/6
without roller shutter drawer ||| SInRRPT SinRPT RPT RPT RPT RPT
- - - e NN I S NN SN NN INN SN EN NN NN IEEEEEE
Doors with semi-transparent surface 57
equal to or less than 50%. ’

32

*The window openings in units of use with commercial activity can increase the value of the uyby 50%.
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E R A S M U s

8. Alternatives to improve the thermal envelope of existing buildings \ SIMaENERGY
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8. Alternatives to improve the thermal envelope of existing buildings

Exterior insulation: Ventilated facade or SATE
CERRAMIENTO

AISLAMIENTO EFECTO  AISLAMIENTO
EXTERIOR CHIMENEA
Fachada Ventilada Eficiencia energética :
Eliminaciéon puentes térmicos Flujo de aire recurso renovable MORTERQ
------- .——-—-—--------—————-—----0——/—]:——-—-----

CLIMA CLIMA

CONFORT AMBIENTE CONFORT AMBIENTE

INTERIOR EXTERIOR INTERIOR EXTERIOR

,ACABADO
> > {14444 /

1 BIM4ENERGY
E R A S M V] S +

34
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8. Alternatives to improve the thermal envelope of existing buildings

Exterior insulation

pa

\ BIM4ENERGY

Ver en B3 Youlube

https://youtu.be/xLURVxfHZSE

35
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8. Alternatives to improve the thermal envelope of existing buildings

Exterior insulation

‘- HYDRONIC SHELL

e s e e =

1 BIM4ENERGY
E R A S M V] S +
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8. Alternatives to improve the thermal envelope of existing buildings

Interior insulation

«— Concrete or brick wall

Galvanized steel profile (C stud)

{ e
| &7 \ Insolation layer
\ Gypsum cardboard
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