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What is Building Envelope and its
Thermal Performance?

* The building envelope (or the more modern term, building enclosure) is all of the
elements of the outer shell that maintain a dry, heated, or cooled indoor
environment and facilitate its climate control.

Building envelope design is a specialized area of
architectural and engineering practice that draws
from all areas of building science and indoor climate
control. It is the structural barrier between the
interior and exterior of a building. It is responsible
for maintaining climate control within the interior of
a building. Climate control refers to cooling and
heating a building. The building envelope also keeps
the interior free from moisture, sound, and light.
The building envelope structure includes the: Roof,
Walls, Foundation, Doors, and Windows.
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What is Building Envelope and its
Thermal Performance?

In the era of raising environmental
problems, built structures are
considered as one of the main energy
consuming entities which are ultimately
responsible for environmental
degradation. To handle the issue, it is
important to deal with buildings energy

demand which is mainly due to extreme
weather conditions. Because it’s directly
exposed to the outdoor environment,
how the building envelope copes with
the weather plays a major role in
deciding building’s energy demand.

This chapter deals with the improvement
of thermal performance of Building
Envelope in relation to climate, indices
and local solar time of region. It also
focuses on new facades technologies
which lower down the building’s energy
demand with better insulation. To
achieve this goal an integrated approach
is required which comprises techniques,
technologies, architectural innovation all
together. These facades also have
benefits other than energy saving.
Numerous technologies are being
developed to generate energy also.
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How does the Building Envelope affect
the Heating and Cooling Energy Needs?

* In the winter, the building envelope helps prevent the transfer of heat from inside to
outdoors. Similarly, during the summer months, the envelope keeps the cooled air
inside and the hot air outside.

* Because of this barrier, the building envelope plays a key role in a structure’s energy
efficiency. Keeping heated or cooled air inside (and their respective opposites out)
means less energy used and less money spent on heating and cooling.

e Building envelope technologies account for approximately 30% of the primary energy
consumed in residential and commercial buildings; these technologies affect many
factors related to a building’s energy consumption, including lighting, ventilation, and
the energy required to heat and cool the building.
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How does the Building Envelope affect
the Heating and Cooling Energy Needs?

A building envelope is everything that separates the
internal building from the external environment,
including the roof, doors, windows, floors, and walls.
Good insulation in the walls, high-efficiency
windows, and sufficiently sealed gaps increase the
effectiveness of the envelope.

Building thermal performance enhancement is a
topical issue of construction and architecture. The
evaluation of building thermal performance can be
carried out in various ways: to describe the thermal
performance of the building envelope and its
components we use a variation of metrics; such as, R-
value, ACH (air exchange rate per hour), SHGC (solar
heat gain coefficient) of windows, U-factor etc.
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How does the Building Envelope affect
the Heating and Cooling Energy Needs?

* Heat transfer from outside to inside takes place through the Building Envelope
and the quantities are derived through certain basic principles.

Because the building envelope can
significantly affect the amount of required
lighting and HVAC—the two largest end uses
of energy in both the residential and
commercial sectors, improvements to the
building envelope have the potential to
reduce GHG emissions from new and existing
buildings in the residential and commercial PRI
buildings. In addition, building envelope <—l"—"mﬂ‘—} EELLLE
improvements also result in a variety of =
benefits for occupants, including lower energy
bills, as well as improved thermal comfort,
moisture control, and noise control.
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Climate

* As climate plays a vital role in building energy performance, Design Strategies for
high performance facades in Hot & Humid regions are quite different from those in
Hot & Arid regions.

Cold Climate Design Strategies:

e Collection of Solar energy & Passive
heating collection of solar heat through
building envelope.

e Daylight Use of natural light & glazing
area of facades can be increased. High
performance glass can be used. Light
shelves can be used to allow the light into
interior spaces.

e Heat Conservation through improved
insulation heat can be preserved into
building.
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Climate

Hot Climate Design Strategies:

e Solar Control External facade of building
can be protected through use of self-shading
methods (building form) or by using shading
devices.

e  Reduced external Solar heat-gains through
infiltration can be protected by use of well
insulated opaque facade elements. Also, solar
heat- gains through conduction can be
protected by use of shading devices.

e  Cooling Natural ventilation can be used for
cooling of building where environmental
characteristics and buildings functions allow.

e Daylight by use of shading devices and
lighting shelves; natural light can be used for
interior spaces with minimum solar heat-gains.
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Climate

Mixed Climate Design Strategies:

o Solar Control external facades can be
protected from direct solar radiation

e ——

= | -
through shading devices during warm *‘Edm "
seasons. E=8

e Solar collection & passive heating Solar - ,l}“f’ £
energy can be collected in cold seasons
e Daylight Use of natural light sources
and increased glazed facade with use of
shading devices.
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Building Facades

Building Facades affects buildings energy bills and occupants’ health more than any
other system. Heat transfers into buildings through conduction, convection & radiation.
Heat transfer through conduction depends on conductivity of materials used in exterior
facades. Different materials have different conductivity so they offer different resistance
to conductive heat. Walls and roofs generally comprise numerous of layers composed of
different materials so it is very important to know their overall thermal resistance and
heat transfer coefficient (U-factor). Heat transfer coefficient is also known as thermal
transmittance or thermal transmission through the unit area of a building unit divided
by temperature difference between the air on either side of the building unit. U Value is
the basic essential quantification measure for every climate but not just the one
through which thermal efficiency is obtained.
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Building Facades

 Heat transfer is the transition of thermal energy from a heated space to a cooler area.
There are three means of heat transfer that need to be considered when planning to

make a building energy efficient:

Conduction — Transfer of heat through
matter from a higher temperature
region to a lower temperature region.

Convection — Transfer of heat occurring
because of the movement of fluids and
gases (e.g., air moving in a wall cavity).

Radiation — Electromagnetic radiation
emitted from the surface of an object
(e.g., radiation emitted from an
aluminum foil).

iR 5 R y-] o - =
—
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Orientation of Building

Orientation, geometry and massing of building should respond to sun position. Building
Orientation determines its sun exposure. Sun rises in the east & sets in the west only on
autumnal & vernal equinoxes. For rest of remaining 363 days, it rises and sets
differently. As earth is tilted, it pushes the sunrise and sunset slightly south of east &
west in the winter and slightly north of east & west in the summer. This slight angle
depends on the time of year and distance of the observer from the equator. Therefore,
an optimal orientation can maximize solar heat gain in winter and avoid direct solar
radiation into interior spaces during summer. Building orientation should be an essential
part of your building design. You can get the benefits of natural light and maximum
ventilation in all seasons and climate conditions. The right building orientation ensures
comfort within the building, and it can make you save a lot on energy bills. The
orientation of a building can also protect from the negative effects of inclement
weather.

Solar and wind orientation are the two main factors which need to be taken into
consideration when you are constructing a new building.
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Orientation of Building

Solar temperature and radiation

The solar radiation intensity is dependent on the
direction of the sun’s rays. A building’s temperature
and the interior temperature increases or decreases
according to sun radiation. This radiation acts in two
different ways — The sunrays enter a building through
various openings and radiation comes in indirectly
through roofs and walls of a building by absorbing the
heat of the sun

For a comfortable occupancy of a building, the best orientation is the one which gets
maximum sunlight during winter and minimum sunlight during summer. If it’s a cold climate,
there should be more openings in the Southern side of the building, which can be closed off
by curtains or other closures that cut off the direct rays of the sun during summer. The
opposite should be done in hot climates, as the building should have less solar radiation
during summer.
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Orientation of Building

Solar temperature and radiation

Solar heat which is reflected from the ground can be
minimized by growing a grassy patch in the front of
the south facade (Refer to GS). Both the western and
eastern facades receive equal amount of light. But
when the sun is shining on the western side of the
building in the afternoon, the temperature is higher,
so you have to get openings constructed on the
western facade for more ventilation to reduce the
heat (Refer to EDE4A).
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Orientation of Building

Wind orientation

The wind direction and velocity should be studied at
your site for the whole of the year. The building should
be oriented in such manner that the wind flow should
be more in the building during the humid season than
in other seasons. The prevailing winds at your location
can create natural ventilation, especially in highly
humid conditions. The windows and doors should be at
the proper locations to provide maximum advantage
due to wind.
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Orientation of Building

Rains and clouds

Rains and clouds have lower importance while
planning building orientation. The openings and glazing
should be planned according to the rain direction, as
the rain direction is same as the wind’s direction during
storms. If your architect does design glazing for your
building, then you should cover it with a sunshade.
Thinner walls of the building should not be oriented
towards heavy rain direction.
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Orientation of Building

Humidity

Humidity does not affect the orientation of a building
directly, but properly planning according to wind
orientation, which will ventilate your home naturally,
will give you relief from humid heat, even when there
is little natural breeze.




meetM B

Phase 11

THERMAL PERFORMANCE OF BUILDING ENVELOPE — E1. 19

Orientation of Building

Benefit

The main benefit of building
orientation is in energy efficiency. It
reduces the heating, lighting and
cooling costs of the building by
coping efficiently with natural light,
winds and sun so that occupants can
enjoy the warmth of the sun in
winter, and cool breezes during
summer.
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Windows

Windows serve as a main point of entry for
air leaks and are often overlooked in terms
of their abilities to act as a barrier in a
building envelope. Triple pane windows are
frequently used in colder climates to
prevent wind or snow from entering the
home. Double pane windows are
considered equally effective in more
moderate temperature climates. Windows
are given an efficiency rating known as a U-
value with lower numbers being more
efficient than higher values.

A similar dynamic system is used to rank insulation which is done using an R-value. This
number describes the ability of insulative material to resist the flow of heat through it. In
more scientific terms, the R-value is known as the thermal resistance of a material and is
inversely correlated to the thermal conductivity a material expresses. Unlike U-values, the
higher the R-value a material possesses, the more efficient it is at resisting heat transfer.
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Natural ventilation

Natural ventilation for enhanced air quality and reduced cooling loads (Refer to EDE4A). ‘
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Solar shading devices and Daylighting

Provision of solar shading devices to control cooling loads and to improve thermal
comfort (Refer to EDE3).
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Thermal Properties of a Building Envelope

The thermal properties of a building material are accessed primarily through
determining the thermal conductivity of its components which directly corresponds to
the ability of a material to effectively allow heat to pass through it. Materials with a high
thermal conductivity value will promote heat transfer and allow heat to quickly pass
through them. Ideally, a building envelope should be primarily composed of materials
with extremely low thermal conductivity values and incorporate additional materials
that act strictly as thermal insulators that further block the movement of heat from the
inside of a structure to the outside and vice versa. Building designers are urged to select
the correct combination of materials to regulate heat movement naturally without the
need for expensive mechanical heating and cooling systems. All of the components they
select will interact as a unit to perform four crucial functions: structural support,
moisture management, temperature regulation, and airflow regulation. The latter three
have the most pronounced influence on ensuring that a house is energy efficient,
comfortable, and sustainable.
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Why does a Thermal Envelope matter?

Like other industries, the world of construction and HVAC have their terminology for concepts
that insiders understand, but the general public may not. A thermal envelope is one of these
terms. Put simply, every home has a thermal envelope. It’s the structure that separates the air
inside your home from the air outside. This includes things like: Windows, Floors, Exterior
walls, Outer doors, Insulation, Air/vapor retarders, Weatherstripping, and Caulking. A thermal

envelope serves three distinct functions:

Air control - Managing air
movement within your living
spaces is  important  for
managing energy consumption,
preventing condensation from
accruing, ensuring that air
qguality is optimal, and making
the space comfortable. This air
control includes both
movements through the home’s
enclosure and the heat flow
control layer. A drafty house, for
instance, has poor air control

Moisture control — Moisture
can threaten the structure’s
integrity and wreak havoc on
the interior thanks to mold and
other issues. Left unchecked, it
can cause damage to the
foundations of the home. As
such, an envelope’s ability to
control and minimize moisture
is one of its most critical tasks,
especially in hot-humid climates
or those that experience snowy
winters.

Thermal control — As the
name suggests, a thermal
envelope makes it easier to
reach and then maintain
your ideal temperature no
matter the time of the year.
If you’re feeling too hot in
the summer or too cold in
the winter, it may be time to
look for ways to increase
your building envelope’s
efficacy.
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Objectives

The intent of this measure is to improve the thermal performance of building
envelope for both residential and commercial buildings, which will improve the

thermal comfort inside the building leading to the reduction in energy needs for
space heating and cooling.

Earned Credit:

With GRASSMED, Thermal performance is evaluated based on:
E1-1: Thermal Transmittance U-value of the Envelope — U env
E1-2: Thermal Transmittance of the Building facade - UFACADE
E1-3: Window to Wall Ratio WWR eq

E1-4: Slab on the ground Thermal Resistance




Phase 11

Energy Efficiency of Building Envelope :
Heat Gains and Losses Calculation
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Introduction to Energy Efficiency: Why
is it important in buildings?

Improved
indoor
condition
S
Significant
financial Reduced
savings on peak
the long Energy demand
run Efficien
C
Lower y
capital Lack of
costs and additional
decrease operating
energy costs

supply
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Components of Energy Efficiency in
Buildings

Envelope { - Walls, doors, windows and roofs
Lighting - Lamps, ballasts, controlling devices,
System and luminaires.
* Cooling equipment (chillers or split
Equipment units), heating equipment (boilers,
radiators), refrigerators, printers, etc.
Hot Water - Hot water tank, pipes, heat source
Supply
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Heat Gain in a Building

* Qip~QctQsTQjpftQeqtQp
*  Where Q %
* Q. Heat conducted through s |

the building’s envelope. N !
* Q. Heat gained by solar ;
radlatlon
. Heat gained by A \ P
1n?'ﬁltrat10n and air renewal. e
Qp - \ /\
* Q. Heat emitted by NN Q. o
equlpment ot « ./ . f
* Q,: Heat emitted by people. r cold
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Heat Loss in a Building

¢ Qout:QC_Qs+Qinf_Qeq_Qp

Where Q,
* Q. Heat loss conducted through Q, T
the building’s envelope. .
* Q. Heat gained by solar
radiation.
*  Q,,r Heat loss by infiltration and :
air renewal. Q,
* Q. Heat emitted by equipment. \
o . : Q s \
Q,: Heat emitted by people. 5 \(’_ . N /\
) Q“ &
cold \ -r
| hot
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Heat Transfer in a Building: Conduction

* It 1s the heat flow rate in the steady state divided by the area
and the temperature difference between the boundaries of a

Thermal .
Transrflrirtltanc SOh.d bOdy’
e * Unit [W/m?K]
(U-value):

: : <
* It 1s a heat property that measures the temperature difference

by which an object resists heat flow. Unit [K/W]

Thermal . Tt j5 g heat property that measures the temperature difference

Resistance by which the area of an object resists heat flow. Unit [K.m2/W]
(R-value): -
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Heat Transfer in a Building: Thermal
Resistance-Conduction

. Conduction

L .
Rcond_ xA I K/W
Where
= L: distance between the hot and the cold surface R
1n m con
= k: the thermal conductivity of the material d

enclosed between both surfaces in W/m.K
=  A:wall’s area in m2

Or Rcond:% in K.m%/W

L: distance between the hot and the cold surface

= k: the thermal conductivity of the material —
enclosed between both surfaces in W/m.K L
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Heat Transfer in a Building: Combined
Thermal Resistance

e Combined Thermal Resistance:
(convection + radiation)
heomb=hconvthyad
R 1
comb <A

1s typically reported in studies.

comb™},

* h

comb
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Heat Transfer in a Building: Thermal
Transmittance of a Wall

Rt=Rcomb1 + R1 + R2 +Rcomp2 Wall 1 Wall 2
combl hcomblxA (hconv1+hrad1)xA
L
1
R+=
17k A
L
_ "2
R2=1xa
combl (hcome)XA (hconVZ-l'hradZ)xA

1 1
e
xA kle kZXA hcomeX

A
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Heat Transfer in a Building: Thermal
Transmittance of a Wall

« Example: Consider a wall whose width (W) 1s 5m, height (H) is
3m and thickness (L) 1s 0.3m. The conduct1v1ty of the wall’s
material (k) 1s 0.9 W/mK. The combined heat transfer
coefficients at the inner and outer sides of the wall are 10 4
W/m2K and 40 W/m?2K respectively.

Calculate the overall thermal transmittance of the wall (Uty). 3
A polystyrene layer, having a thickness of 5cm and a thermal

conductivity of 0.03 W/mK, is added to the wall. Calculate the
new thermal transmittance of the wall (Uy). v

c. How much should the thickness of the wall be in case no ‘/g
additional layer of polystyrene is added but the overall NIig
transmittance of the wall is equal to the value calculated in part

b.

o e

8 2
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Heat Transfer in a Building: Thermal
Transmittance of a Wall

*  (Given:
e  W=bm, H=3m, L=0.3m
heomp1 = 40 W/m2K
h =10 W/m2K
comb?
Solution: Reomb Reon Reomb
! 1 d 2
a. Walls area=3><5=15m2 —/MANA_LNVNWA_L_ MNA
1 K
R = = =0.00167 —
combl™y "~ xA~ 40x15 w
R = ! = =0.00667 K
combz™}  xA 10x15 w
L 0.3 K L

Reond =16 = 0.ox15 024w
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Heat Transfer in a Building: Thermal
Transmittance of a Wall

a. Total thermal resistance
Rta=Rcomb1tRcond TRcomb?2

Rtg =0.00167+0.022+0.00667

K
Rta=0.03034
1 1 W —/NN\_L/NW\_L/N__/M\N

Utg= = =2.2——
87 RgA  0.03034x15 m2K
b. Polystyrene Layer

Rtp=Rcomb1tRcond1TRcond2 T Rcomb?2
Ly  0.05 K

R —r e —>

R =4 — =0.11
condZ™ 1, A~ 0.03x15 W L1 L2

R R

comb cond cond comb
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Heat Transfer in a Building: Thermal
Transmittance of a Wall

b. Polystyrene Layer
Rtb=Rcomb1+Rcond1*tReond2tRcomb2
R _L2_ 0.05 —0.1 K
condz™ kZA a 0.03x15 o \4Y Rcomb Rcond Rcond Rcomb
1 1 2 2
Rip=0.00167 + 0.022 + 0.11 + 0.00667 = 0.14034% —/ VLAV VW
Ui = ! = ! =0.475 W
tbTRpA 0.14034x15 02K
Uia—U 2.2—-0.475
% decrease in U= “7th w100="2"""">x100
ta
—r e —>

% decrease in Ut = 78 % L1 L2
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Heat Transfer in a Building: Thermal
Transmittance of a Wall

c. Wall thickness for an equivalent U-value

1 1
‘b= A ~ 0475 x 15
Rib=Rcomb1+Rcond1Rcond2 tRcomb?2
0.1403 = 0.00167 + 0.022 + Ry, g2 + 0.00667
Ly K

Reond2= kA =0. 11W

Ly=k9AR g q2=0.9%15%0.11~1.485 m

= 0.1403




meetM B

Phase 11

Heat Transfer in a Building:
Thermal Transmittance of a Wall

Parameter Symbol Definition Unit

Heat flow rate in steady state divided by the area  W,/m".K
and the temperature difference between the
surroundings on each side of a system.

Thermal L
Transmittance

1/hcomb1 1/hcomb

In case all layers have the same area we
can use this formula :
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Heat Transfer in a Building: Thermal
Transmittance of a Building’s Envelope

*  Building’s Envelope = Roof + Exposed Walls + Doors +
Windows+ Skylights + Exposed Floors/Semi-exposed Floors

* To calculate the U-value of the entire envelope, we should do the
following:
» C(Calculate the area of each component
» (Calculate the U-value of each component
* Apply the following equation

_ 2(UjxAp)
Uenv— A

Where:
= Uj is the overall thermal transmittance of a component
= Aj1s the area of a component
» Uepy 1s the overall thermal transmittance of the envelope
= Ais the total area of the envelope
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Heat Transfer in a Building: Thermal
Transmittance of a Building’s Envelope

. Consider a 4-storey building whose length, width and height are 20m, 15m and 16m respectively.

The ground floor of this building is exposed to an underground parking lot and thus it is considered
a semi-exposed floor.

. The length and height of the northern and southern facades are 15x16m respectively. The length
and height of the eastern and western facades are 20mx16m respectively.

. Each floor has two single pane windows on the northern facade and two single pane windows on

the eastern fagade. The overall transmittance of each window is provided by the manufacturer, and

.. W
t lto 5.8 ——.
it is equal to %

. The windows on the northern facade have the following dimensions 2mx2m, and those on the
eastern fagade are have the following dimensions 3mx3m.

. The material of construction of the walls, roof and semi-exposed floor are presented in the following
slide.

The inner and outer combined heat transfer coefficients are 9.1

- and 16.7 % respectively.
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Heat Transfer in a Building: Thermal
Transmittance of a Building’s Envelope

Exposed Thermal Thickn Semi. Thermal Thickn
Wall’s Conductivity ess exposed Conducti oss
Layers (W/mK) (mm) fIl)oor vity (mm)
Plaster 0.72 10 (W/mK)
Hollow 056 150 Tile 0.34 30
Block ) Mortar 0.714 10
Plaster 0.72 10 Sand 0.869 60
Slab 1.82 80
Hollow
Block 0.56 120
Thermal : Plaster 0.72 10
Roof’s Conducti T}‘lelscskn
Layers vity
(WmK) ~ @m)
Sand 0.85 100
Weat.herlza 0.17 10
tion
Concrete 1.77 200
Plaster 0.72 10
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Heat Transfer in a Building: Thermal
Transmittance of a Building’s Envelope

. Step 1: Calculate the area of each component Areas of Facades
. Areas of facades 2
o Ap=Lx H (F: Facade) Fast (Agr) 320 m
o Agr = Awr = 20 X 16 = 320 m? (EF: Eastern West (Awr) 320 m?
Fagade — WF': Western Fa(;ade) North (Ag) 240 m?

o NF = Agp = 15 x 16 = 240 m? (NF: Northern
Fagade — SF Southern Facade) South (Agp) 240 m?

o AgR=Ag=LXW=20x15 =30m? (R: Roof —
B: Basement )

Areas of Windows

«  Areas of windows East (Agwn) 72 m?
o Awn = (# Of‘f/]V(l)I(l)(:o_ws x # of floors X West (Awwn) 0 m?
Area of one window North (Axwn) 39 m?
o Apwn=2X4X%X9=72m? (EWn: windows on 2
Eastern Facade) South (Aswn) Om
o IKIanh =2 >I4<’ 4 xd4 )= 32 m? (NWn: windows on Areas of Walls
orthern Facade 2
o Awwn = Aswy = 0 m? East (Agw)) 248 m
e Areas of walls West (Ayww1) 320 m?
o Awl =Ar ~ Awn North (Anw1) 208 m?
o] AEW] = AEF — AEWI‘I =320—-72 = 248 mz (NWI 2
wall on Northern Facade) South (Agwy) 240 m

O Awwl = 320m?

o Anwn = Anr — Anwn = 240 — 32 = 208 m”
(Ewn: wall on Eastern Facade)

O ASW] = 240 mz
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Heat Transfer in a Building: Thermal
Transmittance of a Building’s Envelope

Exposed Wall’s Thermal Conductivity Thickness
Layers (W/mK) (mm)
Plaster 0.79 10 Wall’s Thermal Resistance
K
Hollow Block 0.56 150 East (Rewn) 0.0019 &
Plaster 0.72 10 West (RWWI) 0.0015 E
' W
Rwan = Recomb1 + Rpl + Ryp + sz + Reomb2 North (RNWI) 0.002 K
) w
Rwall South (Rgw1) K
heombt X Awanl Kp1 X Awan Kug X Awan Kp1 X Awan Wall’s Thermal Transmittance

+ L East (Ugw)) 2.12 ﬂZK
hcomb2 X Awall m

West (Uywwi) 2.08 V;/
m+<K
P 1 < 1 L Lup Ly 1 ) Novth U "
wall Awall hcombl kpl kHB kpz hcombz or Nwi 24@
South (U w
W11 001 015 001 1 Usw) 2.19 o
wall = A u\9.1 7 0.72 " 056  0.72 167
R 0.465
n=
YA Agan
U 1
n=
Y RyanAwan
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Heat Transfer in a Building: Thermal
Transmittance of a Building’s Envelope

Rroof = Rcombl + Rs + Rw + Rc + Rp + Rcomb2

Rroof 1 L
L L L
Thermal . = + -+ =+ ——+ -
Roof’s Conductiv Thickn hcomb11>< Aroof ks X Aroof kw X Aroof kc X Aroof kp x Aroof
. €ess
Layers ity +
WmK) ~ ™m) heombz X Aroof
Sand 0.85 100 . 1 ( 1 +LS+LW+LC+Lp+ 1 )
We?:ﬁherlza 0.17 10 roof Aroof \Dcomb1 Ks = Kkuw k¢ kp heomb2
10n
Concrete 1.77 200 R .= 1 1. 0.1 N 0.01 N 0.2 N 0.01 N 1
Plaster 0.72 10 roof Aroor\9.1 085 0.17 177 0.72 16.7
_ 0.4732 _ 0.4732 — 0.0016 K
roof — Aroof - 300 - Y W
1 1 w
= 2.083

U = =
roof T R oof X Aroor  0.0016 X 300 m2K
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Heat Transfer in a Building: Thermal
Transmittance of a Building’s Envelope

Thermal

Semi- Conducti Thickn
exposed : ess
floor vity (mm)
(W/mK)
Tile 0.34 30
Mortar 0.714 10
Sand 0.869 60
Slab 1.82 80
Concrete
hollow 0.56 120
block
Plaster 0.72 10

Rﬂoor = Rcombl + Rt + Rm + Rs + Rsl + th + Rp + Rcombl

Rfipor =

Rfioor =

1 < UL Lm L Lo Lo Lp 1
Afloor hcomb1 kt km ks ksl khb kp hcombl
1 (1,003 001 006 008 012 001
Afoor \9.1 ' 034 ' 0.714 ' 0.869 ' 1.82  0.56 0.72 9.1
_0663 0663 . K
floor = p .~ 300 w
Ufloor = ! = — 1512
floor = Roor X Aflgor  0.00221 x 300 m2K

)

1

)
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Heat Transfer in a Building: Thermal
Transmittance of a Building’s Envelope

Component U-value m";’K Area (m?) UXA
Windows East 5.8 72 417.6
Windows North 5.8 32 185.6
Wall East 2.12 248 525.76
Wall West 2.08 320 665.6
Wall North 2.4 208 499.2
Wall South 2.19 240 525.6

Roof 2.08 300 624

Floor 1.51 300 453
Total 1720 3896

Ueny (¥> 2.26

m-K
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Heat Transfer in a Building: Energy
Consumption due to Conduction

« Heating Degree Days (HDD)

HDD = sz —

* (Cooling Degree Days (CDD)

CDD = z T, — T,
i=1

Ty: Indoor temperature of the building (°C or K)
T,: Outdoor temperature (°C or K)

Ny: Number of heating days (days)

Nc: Number of cooling days (days)

O O O O
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Heat Transfer in a Building: Energy
Consumption due to Conduction

Annual Heating Load
Qu = Ueny X Aepy X AT X't
w
m2K

)

o Ugpy 18 the overall thermal transmittance of the envelope (

o0 Agyy is the total area of the envelope (m?)

o AT is the temperature difference between the interior of the building and its
average exterior (K) for the period.

o tis the time (hr)
QH - Uenv X Aenv X AT X NH X 24

o Ny i1s the number of heating days (day)

Qu = Ugpy X Agpy X HDD X 24
o HDD is the heating degree days (K.day)

* Annual Cooling Load
Q¢ = Ueny X Aeny X CDD X 24
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Heat Transfer in a Building: Energy
Consumption due to Conduction

Ty, = 15.6 °C T, = 18.3°C T, = 21.1°C
CDD 590 368 211
HDD 3206 3970 4836
: e . Parameter Value
We will assume that the building’s temperature is
maintained at 18.3 °C. Hence, CDD = 368 K.days and U (ﬂ) 2.26
HDD = 3970 K.days. Y Am?K
Aeny (m?) 1720
HDD (K.day) 3970
CDD (K.day) 368
Qy MWh) 370.4

Qc (MWh) 34.33
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Heat Transfer in a Building: Energy
Consumption due to Conduction

T, = 15.6 °C T, = 18.3°C T, = 21.1°C
CDD 522
HDD 1820

We will assume that the building’s temperature is Parameter Value

maintained at 18.3 °C. Hence, CDD = 522 K.days and U (ﬂ) 296
HDD = 1820 K.days. The heated area is eV \m2K

Agyy (M?) 1720
HDD (K.day) 1820
CDD (K.day) 522

Qy (MWh) 169.9

Eh = Qh/A 147.Tkwh/m2

Q¢ (MWh) 48.7

Ec=Qc/A 42.3Kwh/m2
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Heat Transfer in a Building: How to
reduce heat transfer by conduction

* Install insulation layers
* Increase the thickness of walls
* Install double pane windows
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Thermal Inertia

Murs lourds miurs legers
(izolés par 'extérieur) (izolés par l'intéd eur)
= & s Plancher
W, S ap @ B w oo L T 1T 1
Local avec e " Local avec
forte inertie as peu d'inertie
Cloizons | Pas de cloizon ou
lourdes pas cloizons [&géres
Carrelage e =, mMocguette
— — — — — — {— — {— {—
"F, Eh & AP &f G W & 1 | I |
53 Shucture béron e

wWwim® wim*
zaz
219

29z

145

; apports instantangs

: charge réelle retardée
: chaleur emmagasingees
: chaleur restituée

N U TR

"Thermal inertia is a key concept in the energy design of buildings. As illustrated here, buildings with high
thermal inertia, thanks to massive and externally insulated materials, are capable of delaying and
'Mitigate temperature spikes. This means that during hot hours, excess heat is absorbed and stored, then
it is slowly released when the temperature drops, creating a more stable and comfortable indoor
environment. In contrast, buildings with little inertia, such as those with lightweight, internally insulated
walls, tend to heat and cool more quickly, which can cause discomfort and require more energy to
maintain a constant temperature. the design of the building envelope must take into account thermal
inertia to improve energy efficiency and occupant comfort."
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Heat Transfer in a Building: Infiltration

Infiltration of air into the building results from cracks,
frames of windows, frames of doors and access openings.

* As air leaks in during the winter season, it enters at a
temperature lower than the interior temperature, and thus
1t increases the heating load.

 As air leaks in during the summer season, it carries with it
heat and consequently it increases the cooling load.

 Minimizing infiltration is a desired event during both
seasons since it 1s one method of reducing the influence of
external conditions on internal ones.

* Air infiltration i1s more significant in small buildings than
large ones
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Heat Transfer in a Building: Solar
Radiation

. As incident radiation strikes a surface, Incident radiation
it could either be reflected, absorbed by
the material or transmitted to the
following medium.

G =Gy + Gg + Gy
l=p+t+a+rt
o p: reflectivity
o a: absorptivity
o T transmissivity
. Opaque  surfaces have a null
transmissivity T = 0
l=p+a Transmitte
*  Glazing surfaces d radiation
l=p+a+rt G,

Gp Reflected
radiation

Absorbe
d
radiatio
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Heat Transfer in a Building: Solar
Radiation

* The ratio of solar heat gain that enters the space through fenestration area to

Solar Heat  {}, jncident radiation on that fenestration.

Gain
Coefficient

. * It 1s a coefficient that takes into account the impact of external shading(fins or
Architectu  oyerhangs) on the windows’ performance. It cannot exceed one which is the

2zl case in which there is no shading or shading has no effect.
Shading

Factor:

Windowto °The ratio of the total amount of solar radiation entering the building to the

Wall total solar radiation reaching the fenestration areas over an entire year.
Equivalent
Ratio
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Heat Transfer in a Building: Solar
Radiation

Solar heat gain coefficient
SHGC

* The glazing’s effectiveness in rejecting
solar heat gain

* Part of a system for rating window Office
performance ‘

* Gradually replacing shading coefficient
(SC) in product literature and design
standards
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Heat Transfer in a Building: Solar
Radiation

* The equation of the window to wall equivalent ratio (WWR¢ ) is
presented as follows:

X (AwixXSHGCy,iXASFwi) |, 2X(AsiXxSHGCsj)
* WWReq = A + AL

A,;i = Area of an individual window

SHGC,,; = Solar Heat Gain Coefficient of the individual window
ASF,,; = Architectural Shading factor of the window

Ag; = Area of the skylight

SHGCg; = Solar heat gain coefficient of the skylight

A, = area of all vertical surfaces

Ay, = area of all horizontal surfaces

O O O O O O O
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Heat Transfer in a Building: Solar
Radiation

The projection factor for overhangs is expressed as a A"‘
dimensionless ratio defined as follows:

I B
PFoverhang = A/B \\ \\ J
PFoverhang = Projection factor for overhangs (dimensionless)

A = Horizontal extension of the overhang from the vertical wall plane that contains the fenestration(m)

B = Distance between the bottom edge of the fenestration and the bottom edge of the overhang (m)

The projection factor for overhangs is expressed as a

A"
dimensionless ratio defined as follows: '1
PFrins = A/B v N
- B {

PFrins = Projection factor for overhangs (dimensionless)
A = horizontal extension of the fin from the vertical wall plane that contains the fenestration (m)

B = Distance between the farthest side of the fenestration to the face of fin closest to the
fenestration(m)
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Solar radiation passing through double
glazing under clear skies (percentage)

Ravonnemeaent solaire traversant un double vitrage
nar clel serein (pourcentage]

'_!‘@‘ ay
Sunset " LEVER CDUCHER 61 _ 61 I iﬁ Sunrise

S
*ﬂﬁﬂ# *ﬂﬁﬂ

_ Hiver Entre-saisoh Between
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%
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Heat Transfer in a Building: Solar
Radiation

ASF per orientation

PF — Overhangs

N E W S
NE,NW EN,ES WN,WS SE,SW

PF =0.05 0.70 1 1 1
0.05 <PF=<0.15 0.70 1 1 0.9
0.15<PF=<0.25 0.70 1 1 0.80
0.25 <PF=0.40 0.70 1 1 0.75

PF 20.40 0.70 1 1 0.70

PF - Fins

ASF per orientation

PF =0.05 0.70 1 1 1
0.05<PF=0.15 0.70 0.95 0.95 1
0.15<PF=<0.25 0.70 0.90 0.90 1
0.25<PF=<0.40 0.70 0.85 0.85 1

PF 20.40 0.70 0.80 0.80 1
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Heat Transfer in a Building: Solar
Radiation

« Example:

*  Consider the same building that we have studied. All windows installed have a solar heat gain
coefficient equal to 0.81. No shading devices are on any of the windows.

a) Calculate the window to wall equivalent ratio of the building.

b) Calculate the window to wall equivalent ratio of the building if the solar heat gain coefficient od
the windows is 0.4.

. Solution:

) Component Area (m?)

° a

M R Windows East 72
rea oI windows on Windows North 32

o Eastern Facade = 72 m?

o Northern Facade = 32 m?
* All windows are composed of the same material, and their solar heat gain coefficient is 0.81.
* No shading devices are installed, hence the architectural shading factor is 1
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Heat Transfer in a Building: Solar
Radiation

_ Z(Awi X SHGCy; X ASFyi) | 2 X (A X SHGCyy)

Req— AV Ah
n _32><0.81><1+72><0.81><1_84.24_0075
e T T (15X 164+ 20X 16) 1120

7.5% of the solar radiation striking fenestration areas enters the building

b) If the windows installed have a solar heat gain coefficient equal to 0.4, the window to wall
equivalent ratio becomes 0.037 which is almost half the original value.

Installing windows with low solar heat gain coefficient can result is significant energy and financial
savings when the window to wall ratio is relatively high.
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Heat Transfer in a Building: How to
minimize solar radiation ?

 Install exterior sun control louvers
 Install external venetian blinds

* Adhere tinted and reflective polyester
films to existing windows.

* Replace single pane windows with
double pane windows.

* Plant deciduous trees if possible.
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Measuring methodology

 The thermal transmittance requirement addresses the following building envelope
components: Roofs, Walls, Windows and Skylights, Floors (exposed and semi
exposed), and Slabs on ground.

e The maximum exposure to solar gain is demonstrated using the equivalent window
to wall ratio WWR-eq that takes into consideration several factors that affect solar
gain. These factors include window size, skylight, orientation, solar heat gain
coefficient and architectural shading factor.

* Thermal standards for buildings - (TSBL) 2010 in Lebanon and the existing standards
in the different targeted South-Mediterranean countries - are used as a baseline
reference for this credit.

* As mentioned above, U env, U FACADE and WWR eq must be less than the reference
values. Each of these values is evaluated apart by calculating its own reduction factor
RF.
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GUIDELINES

‘ GRASS Guidelines Certification

Process '
G

‘G§ GUIDELINES ‘

Residential Building é
Varsion 1.0
March (2017 0‘

Non-Residential Building ‘
Version 1.0
thareh T “

v
v
—
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GRASS Guideli
GUIDELINES | s
Part 1 = Envelope
‘ ’ E 1 Thermal Performance of Building
) G§ Envelope (TSBC)
E 1-1 Thermal Transmittance Usy
E 1-2 Thermal Transmittance Uracaoe

hetmaliBerionmanEEot E 1-3 Window to Wall Ratio WWRea
Building Envelope

E 1-4 5lab on the ground Thermal Resistance
Eco Constructlon E 2 Eco-Construction
E 2-1 Matenal Category
Eco Roofs E 2-2 Eco-Fnendly Insulation Percentage
E 2-3 Mandatory Insulation

E2-3-1 Hot Water Pipes

E2-3-2 Refngerants’ Pipes

E2-3-3 Ducts
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GUIDELINES ‘GRASS Guidelines‘

E 3 Eco Roofs (Green Roofs/Cool Roofs)
wﬂ E 3-1 Vegetated Roofs (Above 50%)
‘G§ E 3-2 Non-Vegetated Roofs (Less than 50%)
E 3-2-1 Initial of Solar Reflectance (ISR)

E 3-2-2 Maintenance of Solar Reflectance (MSR)
Building Envelope E 3_2.3 Thefmal Emmaﬂce (TE)
Eco Constructlon E 3-24 SRI Akernatwe (Case TE not achieved)

E 3-24-1 Initial SR
EC° R°°fs E 3-2-4-2 Mantenance of SR
E 3-3 Primary Scoring Points (PSP)
E 3-3-1 Vegetated Roofs

E 3-32 Non-Vegetated Roofs
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Requirements of Thermal Standard
Maximum Thermal transmittance ( U- value) by

componen t
U of Roofs
'(’ :;'-'-'-'-5'-'-'-5'-E-"F'-'-'-'E-'-'-'FE-'-"-'i'-'-'-:l‘-'-'-'i"-"-!l"F'-'-' ERH R R R R R0
o P # No requirements for U of floor >
g between conditioned levels
2 I A
' = [ — - T ——
S ; S 4
- il | U of Exposed Floor
\. b
':"; L) ]
:
3 U L L]
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Climate Zones in Southern and Eastern
Mediterranean Countries (SEMCs)

The 2 maps of Figure 21 allow a visualization of the needs for heating and cooling in the Mediterranecan
region. The baseline temperature selected 1s 18°C for heating degree-days and 21°C for cooling degree-days.
From a visual standpoint, the darker the colour, the more significant the needs are. Also, and as may be
observed, the needs of the SEMCs are mainly related to cooling, while those of the NMCs are more related
to heating,

Figure 21 - Representation of the number of degree-days cooling (DDc) and the number of degree-days heating (DDh)

—~

-
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Gorans
Ll : '~ "o
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i L0 wOwm = 10  500WmM -
e - Owaneew vwwrwe omarle NOT - 00% ’ R

Cmip s e o i, 1)
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TTLLE

Pometey e g AT

Source: Plan Blew, June 2010 (based on 3-year mean dara of www.degreedays.net)

Source : https://planbleu.org/wp-content/uploads/2011/06/2-EN Batiment Energie CC.pdf



https://planbleu.org/wp-content/uploads/2011/06/2-EN_Batiment_Energie_CC.pdf
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Climate Zones in Southern and Eastern
Mediterranean Countries (SEMCSs)

The SEMCs have climates that range from the Mediterranean type to the continental type. Characterised by
a wet season that 1s fairly moderate and a markedly dry summer, the climate—as well as setsmicity—have
generated a common traditional architectural response as the outcome of nght compromaises.

The extsting thermal regulations in the building sector in the SEMCs have delimited chimatic zones in each
country. An analysis and synthesis work 1s necessary to identify homogeneous climaric zones ar SEMCs
scale. In the meanwhile, it 15 proposed to consider 4 representative climates:

o 71 - Coastal zone (example: Beirur, Lebanon). The climate 1s of a wet moderate Mediterranean type,
characterized by rainfall concentrated in the winter and early spring, and hor and dry summers, wirth a
fairly high relative humidiry.

o /22 — Mountain zone (example: Marrakech in Morocco, or High-Plateaux in Algeria). The climate tends
to be arid, characterized by high seasonal and daytime temperature ranges. This zone presents a
significant rainfall deficit in the summer. In the winter, night-time temperatures are cool. On the other
hand, in the summer, the temperatures are scorching hot.

e Z4 .Desert zone (example: (Gafsa in Tunisia). In this zone, the climare 1s very dry and hot. There are,
on the other hand, quite significant differences in temperature between day and night.

e 73 Continental zone (example: Ankara in Turkey). The summers are sunny in the day and cool in the
mymit. The winters are cold, with rain and snow.

As a complement to this ciimaric distribution, a zoning based on degree-days 1s of grear use, for it highlights
the needs for heating and cooling. Indeed, the degree-day 1s, for a given place, a value representanve of the
vartance between the temperature of a given day and a temperature pre-defined threshold. It helps evaluate
the energy expenditure for hearing or cooling.

Source : https://planbleu.org/wp-content/uploads/2011/06/2-EN Batiment Energie CC.pdf



https://planbleu.org/wp-content/uploads/2011/06/2-EN_Batiment_Energie_CC.pdf
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Reference Thermal Transmittance Values per
Component U-ref (W/m2.K) vs. climatic zone

Climatic Building - U-value | U-value | U- vaIue Ground FIoor
Zone category Wall | Window & | Exposed* |  Semi-

Sky“ght - exposed**
1 Coastal | 1 Residential 0.71 1.60 5.80 1.70 2.00
1 2 NResidential | 0.71 1.26 5.80 1.70 2.00
— 2Mid z2 | 1 Residential 0.63 0,77 4.00 0.77 1.20
= Mountain | 2 N Residential | 0.55 0,65 3.30 0.70 1.20
% i 31Inland |1 Residential 0.63 0,77 4.00 0.77 1.20
S Plateau 23 2 NResidential | 055 0,65 3.30 0.70 1.20
4High Z4  Residential 0.55 0.57 3.30 0.66 1.00
Mountain | 2 N Residential |  0.55 0.57 2.60 0.66 1.00

These U-ref are similar to Thermal regulation requirements Vs. Climate zones in Jordan, Morocco, Tunisia and Lebanon

At this stage no U-ref values for Desert zone (under development)
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Reference Thermal Transmittance Values per
Component U-ref (W/m2.K) - Jordan

4)  Thermal Insulation of the Building Envelope:

a. (MR): As the Following:

No. requirement points
1 Right place of insulation based on climate zone None
2 U-value of Opaque walls- 0.57 w/m".k Nomne
3 U-value of Exposed Roofs- 0.55 w/m”.k None
4 U-value of Exposed Floors- 0.80 w/m™.k None
5 U-value of Separating walls- 2.00 w/m”.k None
6 U-value of Separating roof. floor- 1.20 w/m" .k None
7 Total U-value of walls- 1.60 w/m”.k None
8 Total U-value of Exposed roof, floor <1.60 w/m” .k Nomne

[1]

5) Fenestration in the Building Envelope:
a. (MR): As the Following:

No. requirement points
1 Glass 10%-40% area. less than 3.30 w/m~.k None
2 Glass 40%-99% area. less than 2.00 w/m”.k None
3 Total U-value of Wall. less than 1.6 w/m~.k None
4 Solar Heat Gain Coefficient. less than 0.25 None
5 Solar Heat Gain Coefficient for skylights <2% area. < 0.40. Skylights (2.1-5%). < 0.25 None
6 No skylights more than 5% area allowed None
7 Visual transmittance of Glass, more than 0.45 None
8 Residential buildings= More than 10% window area for service zones. more than None
15% window area for operational zones

Source : Green Building Guideline of Jordan - Jordan International Energy Conference 2011 — Amman
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Reference Thermal Transmittance Values per
Component U-ref (W/m2.K) - Palestine
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Reference Thermal Transmittance Values per
Component U-ref (W/m2.K) - Palestine
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Reference Thermal Transmittance Values per
Component U-ref (W/m2.K) - Palestine

AB ALY Ao loe 311 yialiall

Jealans (65! ol JLEUYI Jalas @@ 0985 O oo Glaad) 2 sguinll 35158 Ao o 511 oliall 2al<T
A(T-4) Jsosdl 235000 sgoatl oya JB1 cgomtl 3y 30ad 5 sl

£ gunall Aa3Llad g JIATI (Jalne g (Sl st JILELY I Jolae @m@EF A1 st (7-4) Jguts

- . 5,141 JLasS Jolzo
Las
= -d-;l-:.n JHBT Jole o Jaat) U- Value
(ot
c O ydomdy
- = o 0% e JBT e 30 g
25% min 0.4 max B 21 wmK o= 0l JBl Zla 5 A
; o=t 3 leua
: = 1 40% ;- T ol 301 B
10% min 0.32 max c 1.9 wmrK L e e
o Slasdl s lice ope 60%
s -
- +— - 600/ o i Lo 501 3 -
10% min | 0.25max | £ 1.9 wm’.K o= 0 iya > gl i
o slo=dl 3= biua
(O]
§ S-S B M P TP PR L
: © o 10% cya 31l 331 Aaes
40% min | 0.32 max | S 1.9 wm2.K e 0 Cre JBl zla 300 Aps
g P50, | - P P
: £ e 109 cpa ST o lo 301 as
30% min | 0.25 max @ ¥ 1.9 wm?.K == Oiye it
= cazull Asliva
30% min 0.75 max 1.9 w/m?.K O=olall cilga gl




meetM B

Phase 11

Requirements of Thermal Standard
Reference U- value of facade

UF of Facade
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Reference U-value of facade of buildings vs.
climatic zone UFref

Climatic Zone Building Urref
Category (W/mz.K)

1 1 Res. 2.5

Coastal Zone 2 N Res. 2.2

2 1 Res. 1.5

Western mid mountain 2 N Res. 1.3
3 1 Res. 1.5

Inland Plateau 2 N Res. 1.3

4 1 Res. 1.2

High Mountain 2 N Res. 1.0
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GUIDELINES

1

E1

Intent

THERMAL PERFORMANCE OF BUILDING ENVELOPE — E1. 94

GRASS Guidelines

Criteria| Uy < Usnaee Reduction Factor RF |Scoring Points
< | The Thermal Transmittance Value of the Envelope shouid be smaller or | om0 10 1 !
_8 § equal o the Reference Thermal Transmittance Value. 11%1t0 15% 18
®E=
EES "
E E & | The Reduction Factor is evaluated using the formula: 1oV lo 30% X
o Usno_ms — U 30.1% to 50%
i Ry = VR U “
Uenv-rer >50.1% 50
Criteria| Urac < Uracaer Reduction Factor RF |Scoring Points

. | The Thermal Transmittance Value of the Facade should be smaller or From 0to 7% 7
© | equal to the Reference Thermal Transmittance Value.
_82 q 7.1% 10 15% 18
]
E % E The reduction Factor is evaluated using the formula: 15.1% to 30% 30
o U -U
F % = RFpyc = —ocReFFAC 900 30.1% to 50% 40
= Uac-rer
=50.1% 50
Criteria| WWR 2 < WWR ea.ser Reduction Factor RF (Scoring Points

Window to Wall
Ratio

The equivalent Window to Wall Ratio of the building should be smaller or
equal to the Reference Window to Wall Ratio.

The reduction Factor is evaluated using the formula:
_ WWRgq_per — WWReq

RFivwrg, = iR %100

From 0 to 7% 7
7.1% 10 15% 18
15.1% to 30% 30
30.1% to 50% 40

250.1% a0

-
a.

Slab on Ground Thermal Resistance = Requirements in TSBL

Prerequisite

150

in energy
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Measuring methodology

RFx = (Yref —Y) «100/Y ref

Where x = Envelope, Facade, or Window to Wall Ratio,
Y ref — U env refr U Fac refr WWR eq ref
Y=U gy U gaer Or WWR
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Measuring methodology

* Regarding Slabs’” minimum thermal resistance, slabs on ground are to be insulated
under the outside perimeter with a specified width of thermal insulation having the
required thermal resistance (R value) as specified in the table below for the
Lebanese case as an example (prerequisite). This requirement is limited to slabs on
ground constituting the floors of conditioned spaces only.

Climate Zone | Building Category | Minimum Thermal Insulation Width (m)

Resistance, R
(m2.K/W)

Residential and NR NR
Commercial

Residential and 0.75 1.00
Commercial

Residential and 1.00 1.25
Commercial

Residential and 1.25 1.50

Commercial
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Measuring methodology

U env, U Fac and WWR-eq are calculated and their values must be less than the
maximum reference values given by the each national thermal standard (if existing —
if not refer to the standard available on the platform).

U eny, UFacand WWR-eq can be calculated using the tool available on the platform

* The assessor will enter the required values so that the software can compute these
values. Then these values are compared against the TSBL reference values already
incorporated within the library of the software.

* Regarding the thermal resistance for slabs, R-value must comply with the minimum
values specified by the thermal standards. This value must be submitted to the
assessor along with the insulation width installed.

* The four values must comply with the thermal standard or else the building will not
be qualified for certification.



meetM B

Phase 11

TOOLS

GRASS Tool ‘

THERMAL PERFORMANCE OF BUILDING ENVELOPE — E1. 98

GRASS Tool

Thermal Performance of Building
Enve.'ope

: Trade-off

: Path
Thermal Performance of : i
Building Envelope :
Requireme Requireme Requireme
ns nts

others countries

N
(0

Statement
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“roos J8

<G

‘ GRASS Tool ‘ '

Ugnv
_ Z (Uix Aj)
A

Thermal Performance of Building = Ui: Thermal transmittance of the individual
Envelope component.

= Ai: Area of individual component.

= A: Area of all envelope components .
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TOOLS
Urac
‘ GRASS Tool _ 2 (U; X Ay)
A
Thermal Performance of Building = Ui: thermal transmittance of the exposed

Envelope walls and windows.

= Ai: Area of individual component.

= A: Area of all exposed walls including
windows in all orientation.
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Heat Transfer in a Building: Thermal
Transmittance of a Building’s Envelope

Component U-Value m";’K Area (m?) UxXA
Windows East 4 80 320
Windows North 4 40 160
Wall East 2.5 250 625
Wall West 2.2 330 726
Wall North 2.5 220 550
Wall South 2.2 250 550
Roof 2.2 300 660
Floor semi-exposed 1.5 300 450
Total 1770 4041
UEnv <¥>
m-K
UFac <¥>
m-K
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Heat Transfer in a Building: Thermal
Transmittance of a Building’s Envelope

Component U-Value m";’K Area (m?) UxXA
Windows East 4 80 320
Windows North 4 40 160
Wall East 2.5 250 625
Wall West 2.2 330 726
Wall North 2.5 220 550
Wall South 2.2 250 550
Roof 2.2 300 660
Floor semi-exposed 1.5 300 450
Total 1770 4041
Ugny <¥> 2.28

m-K
2.50

w
UFac m2K
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Uref Heat Transfer in a Building: Thermal
Transmittance of a Building’s Envelope
Climate Zone : Inland Plateau

Component U-Value m";’K Area (m?) UXA
Windows East 3.3 80 264
Windows North 3.3 40 132
Wall East 0.65 250 162.5
Wall West 0.65 330 214.5
Wall North 0.65 220 143
Wall South 0.65 250 162.5
Roof 0.55 300 165
Floor semi-exposed 1.2 300 360
Total 1770 1603.5
UEnv—Ref <¥>
m-K
UFac—Ref < VX )
m-=K
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Uref Heat Transfer in a Building: Thermal
Transmittance of a Building’s Envelope
Climate Zone : Inland Plateau

Component U-Value m";’K Area (m?) UXA
Windows East 3.3 80 264
Windows North 3.3 40 132
Wall East 0.65 250 162.5
Wall West 0.65 330 214.5
Wall North 0.65 220 143
Wall South 0.65 250 162.5
Roof 0.55 300 165
Floor semi-exposed 1.2 300 360
Total 1770 1603.5
UEnv—Ref <¥> 900
m-K
W 0.922
UFac—Ref <m2K>

No Compliance — U-values should be Reduced
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TOOLS
q

A

o

‘ GRASS Tool ‘ I WWRgq =
_ (AWI X SHGCWI X ASFWI) ? (ASi X SHGCSI)
B Z Av * Z Ah
Thermal Performance of Building * Awi: Area of the individual window
Envelope = SHGCwi: Solar Heat Gain Coefficient of the individual

window.

= ASFwi: Architectural shading factor of the individual

window.

= Av: Area of all vertical surfaces (opaque walls + windows).
= Asi: Area of the individual skylight.

= SHGCsi: Solar Heat Gain Coefficient of the individual
skylight.

= Ah: Area of all horizontal surfaces (roofs + skylights).

WWREq




meetM B

Phase 11

Projection Factor PF

The projection factor for overhangs is expressed as a

A
dimensionless ratio defined as follows: -_
\ B
PFoverhang = A/B \\ \\

PFoverhang = Projection factor for overhangs (dimensionless) s
A = Horizontal extension of the overhang from the vertical wall plane that contains the fenestration(m)

B = Distance between the bottom edge of the fenestration and the bottom edge of the overhang (m)

The projection factor for overhangs is expressed as a ;A‘#
dimensionless ratio defined as follows: 7

N

PFFinS = A/B | J

PFEins = Projection factor for overhangs (dimensionless)
A = horizontal extension of the fin from the vertical wall plane that contains the fenestration (m)

B = Distance between the farthest side of the fenestration to the face of fin closest to the
fenestration(m)
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Architectural Shading Factor ASF

ASF per orientation

[ AsFperorentation |
NE,NW ENES WN,WS SE,SW /
PF < 0.05 0.70 1 1 1 -
0.05<PF<0.15 0.70 1 1 0.9 \\ \\ B
015<PF <025 0.70 1 1 0.80
0.25 < PF < 0.40 0.70 1 1 0.75
PF 20.40 0.70 1 1 0.70

ASF per orientation

PF — Fins E W

EN,ES WN,WS R
PF < 0.05 0.70 1 1 1 \
A
0.05<PF<0.15 0.70 0.95 0.95 1 I \\
015<PF £ 0.25 0.70 0.90 0.90 1 j 3 |
0.25 < PF < 0.40 0.70 0.85 0.85 1
PF 20.40 0.70 0.80 0.80 1
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Windows to wall ratio equivalent WWR-eq

Windows East 0.35 0.75
Windows South 80 0.35 0.75
Windows West 40 0.35 0.75
Windows North 80 0.35 0.75

« Total Windows Area 240 m?
« Total Facade Area (walls + windows) 1200 m?
*  Windows to wall ratio = Windows area/Total Facade area =

(Aw; X SHGCw; X ASFw;) (As; x SHGCs;)
Av Ah
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Windows to wall ratio equivalent WWR-eq

Windows East 0.35 0.75
Windows South 80 0.35 0.75 0.75
Windows West 40 0.35 1 0.75
Windows North 80 0.35 0.7 0.75

»  Total Windows Area 240 m?
» Total Facade Area (walls + windows) 1200 m?
«  Windows to wall ratio = Windows area/Total Facade area = lig
Z (AWi X SHGCWi X ASFWi) (ASi X SHGCSi) = 2X 40x1x0.75 + 80x0.75%x.75+80x0.7x0.75
= F 2 ) e
Av Ah
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Development

TOOLS
¥

GRASS Tool ‘

Uenv < URggr

Urac < Upac—REF

WWREq

Compliance Statement
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GRASS Tool

TOOLS "
GRASS Tool ‘ "Gg

According to
| Value J' GRASS
9 model of
evaluation
RFoee — Ugnv-rer — Ugny % 100 :
ENY UENV-REF
Urac-rer — Urac
RFFAC == X 100
UFAC-REF

WWRgq_rer — WWRpq

RF = X 100
WWReq WWREgq_Rrer

Score
Thermal Performance of Building
Envelope
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How To Comply With GRASSMED?

The scoring points for Thermal Performance of Building Envelope and the requirements for
both commercial and residential buildings are given in the table below:

Compliance with Requirements Scoring Points

aximum Scoring for Residential and Commercial Buildings 150

inimum Slab on the ground Thermal Resistance thickness Prerequisite
(V)

env

0% - 7%
7.1%-15%
15.1%-30%
30.1%-50%
250.1%

0% - 7%

7.1%-15%
15.1%-30%
30.1%-50%

250.1%

0% - 7%
7.1%-15%
15.1%-30%
30.1%-50%
250.1%




meetM B

Phase 11 113

Calculation of Scoring : Thermal Performance of
Building Envelope

Uenv-Ref (Uenv-Ref — Uenv)x100
Uenv-Ref
0.9 0.6

(0.9-0.6)x100/0.9 = 33%

Ufac-Ref Ufac (Ufac-Ref — Ufac)x100 Scoring
Uenv-Ref
1.1 0.7 (1.1-0.7)x100/1.1=36.4%
WWW-Ref WWW-eq (WWW-Ref - WWW-eq)x100 Scoring
WWW-Ref
0.19 0.12 (019-0.12)x100/0.19=52.6%

Scoring : Thermal Performance of Building Envelope
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Calculation of Scoring : Thermal Performance of
Building Envelope

Uenv-Ref (Uenv-Ref — Uenv)x100
Uenv-Ref
0.9 0.6

(0.9-0.6)x100/0.9 = 33% 40
Ufac-Ref Ufac (Ufac-Ref — Ufac)x100 Scoring
Uenv-Ref
1.1 0.7 (1.1-0.7)x100/1.1=36.4% 40
WWW-Ref WWW-eq (WWW-Ref - WWW-eq)x100 Scoring
WWW-Ref
0.19 0.12 (019-0.12)x100/0.19=52.6% 50

Scoring : Thermal Performance of Building Envelope 130
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Use of the TSBC Software
Small Hotel Amman

Component Area (m?)
Windows East 40.8x 2
& West
Windows North 61.2x 2
& South
Wall East 199.2
Wall West 199.2
Wall North 298.8
Wall South 298.8
Roof 600
Floor semi- 600
exposed
w
UEnv—Ref m2K
w
UFac—Ref m2K
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Contact us!

mMeetM=D

Mitigation Enabling Energy Transition in the MEDiterranean region

Together We Switch to Clean Energy

For any inquires or comments,
please don’t hesitate to contact us

@ www.meetmed.org

@ www.almeelebanon.com

[ meetMED Project

W almeelb
W @meetmedl » AlmeelB
This project is funded @) AlmeelB

by the European Union (o) almeelb


http://www.meetmed.org/
http://www.meetmed.org/
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