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Abstract

Building thermal and energy performance has been a big issue in our day and age. Many
attempts to face this subject have been met with varying levels of success. A big part of this
success is thanks to softwares specifically built to help us study the thermal performance of
buildings, one of these softwares is eQuest.

We first started by studying the thermal and energy performance of houses in detail, then we
learned and researched the types and thickness of materials used in the construction process.
We learned in great detail about eQuest and how it works, we then used it for our studies and
research.

We simulated 2 scenarios on two different homes. One in Calgary, Canada and the other in Abu
Dhabi. This helped us compare the thermal and energy performance of each house based on
location and type of climate. This lead us to achieve our thesis goal, which is to compare the
performance of a house located in cold climate and another in hot climate so we can use
proper heating and cooling systems respectively.

We also researched the electricity cost of natural gas in each country, so we can compare the
expenses of cooling and heating systems for each house, and by that we compared two houses
in different weather and different countries using eQuest.
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1. INTRODUCTION:

The thermal performance of a building refers to the process of modeling the energy transfer
between a building and its surroundings. For a conditioned building, it estimates the heating and
cooling load and hence, the sizing and selection of HVAC equipment can be correctly made. For
a non-conditioned building, it calculates temperature variation inside the building over a
specified time and helps one to estimate the duration of uncomfortable periods. These
quantifications enable one to determine the effectiveness of the design of a building and help in
evolving improved designs for realizing energy efficient buildings with comfortable indoor
conditions. The lack of proper quantification is one of the reasons why passive solar architecture
is not popular among architects. Clients would like to know how much energy might be saved, or
the temperature reduced to justify any additional expense or design change. Architects too need
to know the relative performance of buildings to choose a suitable alternative. Thus, knowledge
of the methods of estimating the performance of buildings is essential to the design of passive
solar buildings.

In this chapter, we will discuss a simple method for estimating the thermal performance of a
building and introduce a few simulation tools used for more accurate calculations.

Various heat exchange processes are possible between a building and the external environment.
These are shown in Fig. 1.1. Heat flows by conduction through various building elements such as
walls, roof, ceiling, floor, etc. Heat transfer also takes place from different surfaces by
convection and radiation. Besides, solar radiation is transmitted through transparent windows
and is absorbed by the internal surfaces of the building. There may be evaporation of water
resulting in a cooling effect. Heat is also added to the space due to the presence of human
occupants and the use of lights and equipment. The interaction between a human body and the
indoor environment is shown in Fig. 1.2. Due to metabolic activities, the body continuously
produces heat, part of which is used as work, while the rest is dissipated into the environment for
maintaining body temperature. The body exchanges heat with its surroundings by convection,
radiation, evaporation and conduction. If heat is lost, one feels cool. In case of heat gain from
surroundings, one feels hot and begins to perspire. Movement of air affects the rate of
perspiration, which in turn affects body comfort.

The thermal performance of a building depends on a large number of factors. They can be
summarized as (1) design variables (geometrical dimensions of building elements such as walls,
roof and windows, orientation, shading devices, etc.); (2) material properties (density, specific
heat, thermal conductivity, transmissivity, etc.); (3) weather data (solar radiation, ambient
temperature, wind speed, humidity, etc.); and (4) a building’s usage data (internal gains due to
occupants, lighting and equipment, air exchanges, etc.). A block diagram showing various
factors affecting the heat balance of a building is presented in Fig. 1.3. The influence of these
factors on the performance of a building can be studied using appropriate analytical tools.
Several techniques are available for estimating the performance of buildings. They can be
classified under Steady State methods, Dynamic methods and Correlation methods. Some of the
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techniques are simple and provide information on the average load or temperature, on a monthly
or annual basis. Others are complex and require more detailed input information. However, the
latter perform a more accurate analysis and provide results on an hourly or daily basis. In this
chapter, we discuss a simple method that is easy to understand and amenable to hand

calculations.
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Fig. 1.1 Heat exchange processes between a building and the external environment
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Fig. 1.2 Heat exchange processes between a human body and the indoor environment
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Fig. 1.3 Thermal simulation flow paths of a building

To understand the process of heat conduction, convection and radiation occurring in a building,
consider a wall having one surface exposed to solar radiation and the other surface facing a room
(Fig. 1.4). Of the total solar radiation incident on the outer surface of the wall, a part of it is
reflected to the environment. The remaining part is absorbed by the wall and converted into heat
energy. A part of the heat is again lost to the environment through convection and radiation from
the wall’s outer surface. The remaining part is conducted into the wall; where it is partly stored —
thereby raising the wall temperature — while the rest reaches the room’s interior surface. The
inner surface transfers heat by convection and radiation to the room air, raising its temperature.
Heat exchanges like these take place through opaque building elements such as walls and roofs.
Additionally, mutual radiation exchanges between the inner surfaces of the building also occur
(for example, between walls, or between a wall and roof). Such heat transfer processes affect the
indoor temperature of a room and consequently, the thermal comfort experienced by its
occupants.
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Fig. 1.4 Heat transfer processes occurring in a wall

1.1 HEAT TRANSFER:

1.1.1 Conduction:

Thermal conduction is the process of heat transfer from one part of a body at a higher
temperature to another (or between bodies in direct contact) at a lower temperature. This happens
with negligible movement of the molecules in the body, because the heat is transferred from one
molecule to another in contact with it. Heat can be conducted through solids, liquids and gases.
Some materials conduct more rapidly than others. The basic equation of heat conduction is

_ KA(Tp—T¢)
Q conduction — L (1.1)

Where Qconduction = quantity of heat flow (W)
k = thermal conductivity of the material (W/m-K)
A =area (m2)
L = thickness (m)




Ty, = temperature of the hot surface (K)
T, = temperature of the cold surface (K)

For a given temperature difference, the higher the thermal conductivity of a material of
fixed thickness and cross-sectional area, the greater is the quantity of heat transferred.

1.1.2 Convection:

The convection is the transfer of heat from one part of a fluid (gas or liquid) to another part at a
lower temperature by mixing of fluid particles. Heat transfer by convection takes place at the
surfaces of walls, floors and roofs. Because of the temperature difference between the fluid and
the contact surface, there is a density variation in the fluid, resulting in buoyancy. These results
in heat exchange between the fluid and the surface and is known as free convection. However, if
the motion of the fluid is due to external forces (such as wind), it is known as forced convection.
These two processes could occur simultaneously. The rate of heat transfer (Q convection) by
convection from a surface of area A, can be written as

Qconvection = h-A- (T — Tp) (1.2)

Where, N = heat transfer coefficient (W/m2-K)
T = temperature of the surface (K)

T = temperature of the fluid (K)

The numerical value of the heat transfer coefficient depends on the nature of heat flow, velocity
of the fluid, physical properties of the fluid, and the surface orientation.

1.1.3 Radiation:

Radiation is the heat transfer from a body by virtue of its temperature; it increases as
temperature of the body increases. It does not require any material medium for
propagation. When two or more bodies at different temperatures exchange heat by
radiation, heat will be emitted, absorbed and reflected by each body. The radiation
exchange between two large parallel plane surfaces (of equal area A) at uniform
temperatures T; and T, respectively, can be written as
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Q=c¢teg A 0 (T} —T) (1.3)

Eeff = [1/81 + 1/82 - 1]t

Where Q12 = net radiated exchange between surfaces (W)
o= Stefan-Boltzmann constant ( 5.67x10-8 W/m2-K4)
A = area of surface (m2)
T1 = temperature of surface 1 (K)
T2 = temperature of surface 2 (K)
€1 and &, = emissivity of surfaces 1 and 2 respectively

In case of buildings, external surfaces such as walls and roofs are always exposed to the
atmosphere. So the radiation exchange (Q radiation) between the exposed parts of the building
and the atmosphere is an important factor and is given by

Qradiation =A-€° 0" (Ts4 - Ts4ky) (1.4)
Where A = area of the building exposed surface (m2)

€ = emissivity of the building exposed surface

T = temperature of the building exposed surface (K)

Tiky = sky temperature (K)

Tsky represents the temperature of an equivalent atmosphere. It considers the fact that the
Atmosphere is not at a uniform temperature, and that the atmosphere radiates only in certain
wavelengths. There are many correlations suggested for expressing sky temperature in terms of
ambient air temperature.

Equation (1.4) can be written as:

Qrad;ation — hr(TS _ Ta) + SAR (1.5)

Where Ta = ambient temperature (K)

hrzs'c'(TsAL_TallL)/(Ts_Ta)
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h is the radiated heat transfer coefficient, and DR is the difference between the long
wavelengths Radiation incident on the surface from the sky and the surroundings, and the
radiation emitted by a black body at ambient temperature. For horizontal surface, DR can be
taken as 63 W/m? and for a vertical surface, it is zero.

For building applications, usually convective and radiated heat transfer coefficients are
combined to define surface heat transfer coefficient. This Table presents values of the surface

heat transfer coefficient for a few cases

Table 1.1 Values of surface heat transfer coefficient

Serial Wind Position of Direction of Heat | Surface Heat Transfer
No. Speed Surface Flow Coefficient (W/m*K)
Horizontal Up 9.3
Sloping 45° Up 9.1
1. Still air Vertical Horizontal 8.3
Sloping 45° Down 7.5
Horizontal Down 6.1
, Tg\iwﬁfﬁg Any position Any direction 22.7
' Moving air . L
24 (km/h) Any position Any direction 341
1.14 Evaporation:

Evaporation generally refers to the removal of water by vaporization from aqueous solutions of
non-volatile substances. It takes place continuously at all temperatures and increases as the
temperature is raised. Increase in the wind speed also causes increased rates of evaporation. The
latent heat required for vaporization is taken up partly from the surroundings and partly from the
liquid itself. Evaporation thus causes cooling.

The rate of evaporation depends on:

e The temperature (rate of evaporation increases with increase in temperature)

e The area of the free surface of water (larger the surface exposed, greater is this rate)
e The wind (rate is faster when wind blows than when the air is still)

e The pressure (lower the external pressure, more rapid is the evaporation)
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1.2 SOLAR RADIATION:

The sun is the only source of heat and light for the entire solar system. It is made up of extremely
hot gaseous matter, and gets progressively hotter towards its center. The heat is generated by
various kinds of fusion reactions. The sun is approximately spherical in shape; about 1.39x106
km in diameter and its average distance from the earth is 1.496x108 km (Fig. 1.5). The solar disc
subtends a very small angle of 32" at any point on the earth's surface and hence, the radiation
received from the sun directly on the earth's surface can be considered parallel for all practical
purposes.

SUN
. (@1.39 X 10°km) EARTH

— (@1.27 X 10" km)

1.496 X 10 km
+1.7%

1.5. Sun-Earth geometric relationship

The earth is approximately spherical in shape, about 1.27x104 km in diameter. It revolves around
the sun in an elliptical orbit taking a year to complete one revolution. At the same time, it also
rotates about its own axis once every 24 hours. The energy flux received from the sun outside the
earth's atmosphere is of nearly constant value and is termed as the Solar Constant (Isc). It is
defined as the energy received outside the atmosphere, per second, by a unit surface area normal
to the direction of sun's rays at the mean sun-earth distance; its value is accepted as 1367 W/m2.
However, because the earth revolves round the sun in an elliptical orbit with the sun as one of the
foci, there is a variation in the extraterrestrial radiation. Hence, the intensity of extraterrestrial
radiation on a plane normal to sun's rays on any day is given by:

360n

lext = Isc * [1.0 + 0.033cos(— )] 1.7)
where n is the day of the year and is
1 <n<365 (1.8)

-13-



Solar radiation is received on the earth’s surface after undergoing various mechanisms of
attenuation, reflection and scattering in the carth’s atmosphere. Consequently, two types of
radiation are received at the earth’s surface: one that is received from the sun without change of
direction, called beam radiation, and the other whose direction has been changed by scattering
and reflection, called diffuse radiation. The sum of these two types is known as total or global
radiation.

1.2.1 Radiation on Tilted Surfaces:

External surfaces of buildings receiving solar radiation are generally tilted, except for the flat
roof, which is a horizontal surface. Consequently, it is required to estimate radiation on such
surfaces from the data measured on a horizontal surface. A tilted surface receives three types of
solar radiation, namely beams radiation directly from the sun, diffuse radiation coming from the
sky dome, and reflected radiation due to neighboring buildings and objects. The estimation of the
last component is very complicated. However, its contribution is much less compared to the first
two sources. Therefore, the reflected component from the surrounding ground surface is
generally taken for simple calculations. However, simulation software like DOE2.1E performs a
more detailed calculation for accounting the effects of neighboring buildings and trees.

1.2.1.1 Unshaded surface:

For a surface tilted at an angle b and with no shading, hourly incident solar radiation can be
estimated as:

T (1.9

where r is the global radiation tilt factor and is given by

_ _Iq 1+cosf Ig 1—-cosf
r= (1) () e

Ig

cosO

cos0,
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cos 8 =sin@(sind - cosf + cosd - cosy - cosw - sinf) + cos @ (cosd - cosw -
cosPB-sind - cosy - sin §) + cosé - siny - sinw - sinf3)

cos 8, =sin® - sind + cos@ - cosd - coSw (1.10)

|g = mean hourly global solar radiation (W/m2)

| g = mean hourly diffuse solar radiation (W/m2)

p = reflectivity of the ground surface

¢ = latitude of a location (degree). By convention, the latitude is measured as positive for the
northern hemisphere.

O = declination angle (degree). It is defined as the angle made by the line joining the

centres of the sun and the earth with its projection on the equatorial plane. It can
be calculated from the following relation:

5(°) =23.45 sin[22 (284 + n)] (1.11)

365

N = day of the year

Y = surface azimuth angle (degree). It is the angle made in the horizontal plane

between the line due south, and the projection of the normal to the surface on the
horizontal plane. By convention, the angle is taken to be positive if the normal is
east of south and negative if west of south.

B = slope (degree). It is the angle made by the plane surface with the horizontal.

W = hour angle (degree). It is the angular measure of time and is equivalent to 15° per

hour. It is measured from noon based on local apparent time (LAT), being
positive in the morning and negative in the afternoon.

The local apparent time (LAT) can be estimated from Indian Standard Time (IST) using the
following equation:

LAT = IST — 4 (Reference longitude — Local longitude) + ET (1.12)

The second term in the equation becomes positive for any country in the western
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Hemisphere. The reference longitude for India is 82.5 E. The Equation of Time (ET) correction
is plotted in Fig. 1.6 and it can also be calculated from:

ET = 229.2 (0.000075 + 0.001868 cos (B) - 0.032077 sin (B) - 0.014615 cos2B
- 0.04089 sin2B) (1.13)

Where B = (n - 1) 360/365 and n is the day of the year.

20

15 T,

EQUATION OF TIME (MINUTES)
b o
-
/
\‘

N_/

JAN  FEB MAR APR MAY JUN JUL AUG SEF GOCT NOW DEC
MOMNTH

Fig.1.6 Equation of time correction

Equation (1.9) can be used to calculate hourly radiation on any tilted surface.

1.2.1.2 Shaded surface:

If a surface is shaded, the radiation incident on it gets modified, and depending on the type of
shading, its estimation becomes complicated. To illustrate, let us consider the simple case of a
horizontal rectangular overhang on a wall .The height and width of the wall are H and W
respectively, the depth of the overhang is P.
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Fig.1.7. Horizontal rectangular overhang on a wall
Hourly solar radiation on the wall can be written as:

Where r =(1-— i—d)rbfi + i—dFr_S + 0.5p
g g

f;= fraction of unshaded area

And F,._g = view factor of the wall for radiation from the sky.

fi is given by
f, = Ai
WH

A\l is the unshaded area of the wall and is given by
Aj = WH — Aghade

The shaded area (Anshade) of the wall at any time, on any day is given by:

Ashade = [W — 0.5 tan(Ys - Y)]p tan(go - ez) SeC(YS - Y)
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vs = solar azimuth angle (degree). It is the angle made in the horizontal plane between the line
due south, and the projection of the sun’s rays on the horizontal plane. By convention, the angle
is positive if the normal is east of south, and negative if west of south. It is given by:

cosys = (cos0,sin® — sind)/sinB,cos® (1.19)
Fr-s for a wall of relative width w (= W/H) and relative projection p (= P/H) is presented in this

Table:
Table 1.2 Wall radiation view factor for the sky, Fr-s

F.s at p=
0.10 0.20 0.30 0.40 0.50 0.75 1.00 1.50 2.00
1.0 | 0.46 0.42 0.40 0.37 0.35 0.32 0.30 0.28 0.27
4.0 | 0.46 0.41 0.38 0.35 0.32 0.27 0.23 0.19 0.16
25.0| 045 0.41 0.37 0.34 0.31 0.25 0.21 0.15 0.12

w

1.3 SIMPLIFIED METHOD FOR PERFORMANCE ESTIMATION:

Based on the concepts discussed in previous sections, we can calculate the various heat
exchanges taking place in a building.

1.3.1 Conduction:

The rate of heat conduction (Qcond) through any element such as roof, wall or floor under
steady state can be written as

Qcondg = AUAT (1.20)
where

A = surface area (m?)

U = thermal transmittance (W/ m?2- K)

DT = temperature difference between inside and outside air (K)

It may be noted that the steady state method does not account for the effect of heat capacity of
building materials.

U is given by
1
U= - (1.21)

Where RT is the total thermal resistance and is given by :
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1 1
Ry = -+ (XTLiLylk;) + e (1.22)
hi And ho respectively, are the inside and outside heat transfer coefficients. L j is the thickness

of the jth layer and k]- is the thermal conductivity of its material. U indicates the total amount

of heat transmitted from outdoor air to indoor air through a given wall or roof per unit area per
unit time. The lower the value of U, the higher is the insulating value of the element. Thus, the
U-value can be used for comparing the insulating values of various building elements.

Equation Qcong = AUAT is solved for every external constituent element of the building

i.e., each wall, window, door, roof and the floor, and the results are summed up. The heat flow
rate through the building envelope by conduction is the sum of the area and the U-value products
of all the elements of the building multiplied by the temperature difference. It is expressed as:

Qc = Y0, AU, AT, (1.23)
Where:
E building element N = number of components

If the surface is also exposed to solar radiation then,
AT =T, — T (1.24)
Where Ti is the indoor temperature; g, is the sol-air temperature, calculated using the
expression:
Tso =T, +
Where,

T, = daily average value of hourly ambient temperature (K)

aSt eAR
h, h,

(1.25)

a = absorbance of the surface for solar radiation
St = daily average value of hourly solar radiation incident on the surface (W/m?)
ho = outside heat transfer coefficient ( W/ m? -K)
€= emissivity of the surface

AR = difference between the long wavelength radiation incident on the
Surface from the sky and the surroundings, and the radiation emitted
by a black body at ambient temperature.

Values of heat transfer coefficient (ho) at different wind speeds and orientation are presented in
the table
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1.3.2 Ventilation:

The heat flow rate due to ventilation of air between the interior of a building and the outside,
depends on the rate of air exchange. It is given by:

Qy = pV,cAT (1.26)

Where,
I' = density of air (kg/ ms)
V, = ventilation rate (ms/ s)

C = specific heat of air (/ kg-K)
AT = temperature difference (To— Ti) (K)

Table 1.3 Recommended air change rates

. Air changes per
Space to be ventilated hour
Assembly hall/ Auditorium (smoking) 3-6
Bedrooms / Living rooms (smoking) 3-6
Bathrooms/ Toilets 6-12
Cafes/Restaurants (smoking) 12-15
Cinemas/Theatres (non —smoking) 6-9
Classrooms 3-6
Factories(medium metal work - smoking) 3-6
Garages (smoking) 12-15
Hospital wards (smoking) 3-6
Kitchens (common - smoking) 6-9
Kitchens (Domestic - smoking) 3-6
Laboratories 3-6
Offices (smoking) 3-6
If the number of air changes is known, then
NV
= — 1.27
' 3600 (1.27)
Where,
N = number of air changes per hour
V = volume of the room or space (m3)
Thus,
NV
= pc——AT 1.2
Qy = pe (1.28)

The minimum standards for ventilation in terms of air changes per hour (N) are presented in
Table 1.3.
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1.3.3 Solar Heat Gain

The solar gain through transparent elements can be written as:

Qs = as XiL; AiSgiT; (1.29)

Where,

134

Ols = mean absorptivity of the space

A\ = area of the i" transparent element (m?)

Sgi = daily average value of solar radiation (including the effect of
shading) on the ith transparent element (W/m?)

T; = transmissivity of the i transparent element

M = number of transparent elements

Internal Gain:

The internal heat gain of a building is estimated as follows:

The heat generated by occupants is a heat gain for the building; its magnitude depends on
the level of activity of a person. Table 1.4 shows the heat output rate of human bodies for
various activities. The total rate of energy emission by electric lamps is also taken as
internal heat gain. A large part of this energy is emitted as heat (about 95% for ordinary
incandescent lamps and 79% for fluorescent lamps) and the remaining part is emitted as
light, which when incident on surfaces, is converted into heat. Consequently, the total
wattage of all lamps in the building when in use must be added to the Qi.

The heat gain due to appliances (televisions, radios, etc.) should also be added to the Qi.
If an electric motor and the machine driven by it are both located (and operating) in the
same space, the total wattage of the motor must be included. If the horse power (hp) of a
motor is known, its corresponding wattage can be calculated by multiplying it by 746 (1
hp = 746 W). If the motor alone is in the space considered, and if efficiency is Meff, then
energy release into the space is 746 (1-Meff) hp. The load due to common household
appliances is listed in Table 1.5.
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Table 1.5 Heat production rate in a human body

Activity Rate of heat production
(W) (W/m?)

Sleeping 60 35
Resting 80 45
Sitting, Normal office work 100 55
Typing 150 85
Slow walking(3 km/h) 200 110
Fast walking(6 km/h) 250 140
Hard work(filing, cutting, more than More than
digging, etc.) 300 170

Table 1.6 Wattage of common household appliances

Equipment Load
(W)

Radio 15
Television(black/white) 110
Refrigerator 120
Television(colour) 250
Coffee machine 400
Vacuum cleaner 800
Washing machine 2500
Dishwasher 3050
Water heater 3500

Thus the heat flow rate due to internal heat gain is given by the equation:
Qi = (No. of people x heat output rate) + Rated wattage of lamps + Appliance load
(1.30)
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1.35 Evaporation:

The rate of cooling by evaporation (Qev) from, say, a roof pond, fountains or human
perspiration, can be written as:

Qev = mL (1.31)

Where m is the rate of evaporation (kg/s) and L is the latent heat of evaporation (J/kg-K)

1.3.6 Equipment Gain:

If any mechanical heating or cooling equipment is used, the heat flow rate of the
equipment is added to the heat gain of the building.

Suppose we have a room that is 5 m long, 4 m wide and 3 m high, as shown in Fig. 4.8. If
the room is maintained at 23.3 °C by an air-conditioner, how may we calculate the load
on the appliance using the steady state approach?

ROOM : 5m X 4m
HEIGHT = 3m

2N
N,

Fig 1.8 Plan of a single zone room
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We have the following data available:

Month: May

Ventilation rate: 2 h-1

Artificial light: Three 100 W bulbs continuously used

Occupants: Four persons (normal office work; 24 hours occupancy)
Window: (1.5m X 3m) on south wall, single glazed

Door: (1.2m X 2m) on north wall

Uglazing = 5.77 W/m2-K

Uwan = 3.00 W/im2-K

Uroof = 2.31 W/m2-K

Udoor = 3.18 W/m2-K

Daily average outside temperature in May: 32.7 °C
Absorbance of external wall surfaces: 0.6

Outside heat transfer coefficient: 22.7 W/m2-K

Inside design temperature: 23.3 °C

Daily average solar radiation on south wall: 111.3 W/m2
Daily average solar radiation on east wall: 158.2 W/m2
Daily average solar radiation on north wall: 101.1 W/m2
Daily average solar radiation on west wall: 155.2 W/m2
Daily average solar radiation on roof: 303.1 W/m2

Daily average solar radiation on window: 111.3 W/m2 (no shading)
Mean absorptivity of the space: 0.6

Transmissivity of window: 0.86

Absorptivity of glazing for solar radiation: 0.06
Absorptivity of wood for solar radiation: 0.0

Density of air: 1.2 kg/m3

Specific heat of air: 1005 J/ kg-K

Under the steady state approach (which does not account the effect of heat capacity of
building materials), the heat balance for room air can be written as

Qtota = QC + Qs + Qi + Qv (1.32)

From Eq. (1.25), with DR = 0 for vertical surfaces, the values of sol-air temperatures are:

111.3
22.7

Tsouth = 327 + (0.6 X

Similarly,

) = 35.6°C

-24-



TEst = 36.9°C
THOTth = 35 4°C
Twest = 36.8°C
T&oor = 32.7°C
TI'*M9 = 33 0°C

For the roof, AR = 63 W/m? and hence TX2°f = 38.2°C

Qc = 3.00 (15 — 4.5) (35.6 — 23.3) + 3.00 x 12 (36.9- 23.3) + 3.00 (15 — 2.4)
(35.4 — 23.3) + 3.00 x 12 (36.8 — 23.3) + 3.18 X 2.4 (32.7 — 23.3) + 2.31 x 20
(38.2-23.3) +5.77 x 4.5 (33.0 - 23.3)

= 2832.4 W

Using Egs. (1.26 — 1.30),

Qs=0.6x45x111.3x0.86 =258.4 W
Qi=3x100+4x100=700W
Qv=1.2x1005(2x5x4x3/3600) (32.7 —23.3) =377.9W

Thus, Qm = 2832.4 + 258.4 + 700 + 377.9 = 4168.7 = 4.2 kW

Remarks: Now, the problem facing a designer is to make sense of this quantity. As the
total heat gain rate is positive; it represents the total heat entering the building. How does
4.2 KW translate practically? Let us consider it from two angles.

e The COP of a standard window air conditioner of 1.5 tons cooling capacity is about
2.8. So the power required is 1.5 kW (i.e., 4.2 kW/2.8)

e Suppose the machine were to be used for 8 hours a day; then it would consume 12
kWh per day (1.5 kW x 8 hours = 12) or 12 units (One kWh is equivalent to one unit)
of electricity supplied by the power company. At a rate of Rs. 4 per unit, expenses
would amount to Rs. 48 per day.
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1.4

1.5

Effect of Exterior Surface Color on the Thermal Performance of
Buildings:

THE COLOUR of the outside surface of a building envelope is expected to influence the
thermal performance of a building significantly as it determines the amount of absorbed
solar radiation and, therefore, its inward transmission

into the building . Givoni and Hoffman have carried out some experiments with different
colors. The experimental measurements reported for two colors, namely white and grey,
showed a difference of 3°C in the room air temperature when measured only 0.1 m below
the ceiling. While it remained only 1°C when measured 1.2 m above the floor. The
temperatures, as expected, were higher for grey colored enclosure.

Givoni, however mentioned that the effect of external color on room air temperature
depends on various other parameters also, particularly the heat resistance and heat
capacity of the building. It was observed that for low U value building with high thermal
capacity (heavy construction), the effect of external color is not so significant as for a low
thermal resistance (high U value) and low heat capacity building.

It is expected that the effect of external surface color on the room temperature inside a
building will depend on other parameters also, the most important from the point of view
of passive design being:

e rate of air ventilation in the building
e Direct solar radiation gain into the building.

COMPUTER-BASED TOOLS:

The above example illustrates the steady state calculation of heat gain or loss for a single
zone conditioned building. The method can also be extended to multi-zone or multi-
storied buildings, but the algebra becomes complicated. Besides, the effects of:

e variation of outside air temperature and solar radiation with time

e shading by neighboring objects

e self-shading

e thermal capacity of the building (i.e. the ability of building materials to store heat

during

Daytime and release it back to the environment later) add to the complexity of the
calculations. Consequently, one resorts to computer-based tools known as building
simulation tools. A number of such tools are now available to do quick and accurate
assessment of a building’s thermal and Day lighting performance. These tools can
estimate the performances of different designs of the building for a given environmental
condition. From these results, a designer can choose the design that consumes minimum
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energy. Thermal calculations also help to select appropriate retrofits for existing
buildings from the viewpoint of energy conservation. Thus, by integrating the simulation
of thermal performance of a building with its architectural design, one can achieve an
energy efficient building.

A number of tools are available for simulating the thermal performance of buildings; they
address different needs. For example, an architect’s office requires a tool that is quick and
gets well integrated into the design process. On the other hand an HVAC engineer would
look for a tool that would accurately predict the energy a building would consume, for
optimum sizing of the air-conditioning systems.

For example:

15.1 eQUEST

eQUEST is an easy to use building energy use analysis tool that provides
Professional-level results with an affordable level of effort. This is accomplished by
combining a building creation wizard, an energy efficiency measure (EEM) wizard and a
graphical results display module, with an enhanced DOE-2.2-derived building energy use
simulation program.
eQUEST features a building creation wizard that guides the user through the process of
creating an effective building energy model. This involves following a series of steps that
help one to describe the features of the design that would impact energy use such as
architectural design, HVAC equipment, building type and size, floor plan layout,
construction material, area usage and occupancy, and lightning system. After compiling a
building description, eQUEST produces a detailed simulation of the building, as well as
an estimate of how much energy the building would use.

Within eQUEST, DOE-2.2 performs an hourly simulation of the building design for a
one-year period. It calculates heating or cooling loads for each hour of the year, based on
factors such as walls, windows, glass, people, plug loads, and ventilation. DOE-2.2 also
simulates the performance of fans, pumps, chillers, boilers, and other energy-consuming
devices. During the simulation, DOE-2.2 tabulates the building’s projected use for
various end uses.

eQUEST offers several graphical formats for viewing simulation results. It allows one
to perform multiple simulations and view alternative results in side-by-side graphics. It
offers features like: energy cost estimating, day lighting and lighting system control, and
automatic implementation of common energy efficiency measures (by selecting preferred
measures from a list). (1)

-27-



2. Meprypagt) Tov eQUEST (Quick Energy Simulation Tool):

2.1 Ipaypata mov mpEmeL va yvwpillete Ipv va Eekitvioete pe eQUEST :

To eQUEST amoteAeital and tpia Wizards, undpxet to SD Wizards, to DD Wizard kot to EEM
Wizard. Ta Wizards tou eQuest mpoopilovtal yla va amAomownBel kol vo emtoyxuvOel n
Sladkaoila TNG MPOETOWOOIOG TNG KATAOKEUNG MOVIEAWV yla avAAuon TPOcouolwong. e
ouykplon Pe Ta cupPatika epyaleio mpooopoiwong, ta Wizard tou eQUEST pmopouv va
xpnowomnownBolv eite ywa t™n Sle€aywyn TaAXUTATNG OAvAAUONG E(TE Yyl TPOETOLLOOLA
Aentopepwv HOVTEAWV Tou Ba xpnowuomnolnBouv oe @AAn avaAuon. To eQUEST mepléxel tpla
Wizards, tov oxnuatiko odnyo Zxedlacpuou (0dnyog SD), tov 06nyo Ixediaopou Avamtuéng (DD
0bny0), kal Ta pETpa evepyelakng anodoong. O SD 06nyog katl o 06nyog DD xpnotpomnolovvral
yla va dnuioupynoouv povtéla Ktpiwv. O 06nydg EEM xpnotuomoleital yla thv afloAdynon
EVOANOKTLKOU OXESLOOUOU KTLPLWV.

To eQUEST &ekwva pe SMASG KAk oto desktop, amd to kouumi Evapén, i amo tov Windows
Explorer (n mpoemi\eypévn tomoBeoia sivat "C: \ Program Files eQUEST 3..”). To Startup
Options Dialog mapouotaletat EmAé€te." Anpoupyla evog véou €pyou péow tou Odnyou " (the
default) kat matrote OK.

eQUEST Startup Options

(" Open Recent Project:

|C:'—-.Dccun1=r:s and Settings\...\Project 2\Project 2.pd2 j
(" Select an Existing Project to Open
* Create a New Project via the Wizard

(" Generate SkyCalc Weather File

..................

oK | Viewgvewiewl Exit |

Fig 2.1 eQUEST Startup Options Dialog
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INUELWOELC:

OL SLaBEatpecg startup options sivat:

e Avoixte éva mpoodato apxeio. O katdloyog Slatnpeital ylwa apxeio otov TOTKO
UTIOAOYyLOTH, TIou amaplBuouvtal Pe avtiotpodn Xpovoloyilkn oelpd (mo mpoodarto
npwta). Autog o katdloyog Slatnpeital o€ OAEC TG EVNEPWOELS TOU TIPOYPAMUOTOG KOl
OTLG EK VEOU EYKATOOTAOELC.

e Avoifte éva undpyov apxeio. H evepyomoinon autr¢ tng eMAOYNG ETUTPETEL OTO XPROTN
va TeplnynBel oto pnxavnua ywo éva apxeio elocd6dou eQUEST. Metayevéotepa Ba
anoBnkeVOEL Ta apyxeia oto «mmAonynon B€ong».

e Anuloupynote éva Véo apyeio péow twv Wizards. Autr elval n mpoemheyuévn emloyn
Kal To KUplo TAcovékTnua eQUEST oe oxéon pe ta aAAa gpyaleia povielomoinonc.
XpNOLOMOLAOTE aUTH TNV €MAOY OTNV €KKivnon yla Tt dnuloupylo VEWV HOVTEAWV
eQUEST "amo to undév". Ou oelibeg mou akoAouBouv amelkovilouv Tn XprHon Tou
0&nyou oxnuatikol oxedloopuou.

e Anuloupynote €va apxeio kalpou Skycalc. Auto eival €va umoAoylotikd ¢UAAO ToU
Baociletat oto  skylighting, £éva epyalelo  oxedlaopol  Swabéowo  oto
www.EnergyDesignResources.com .

Emlé€te «create a new project via the Wizards», kat Schematic Design Wizard (1)

g Schematic Design Wizard

H Eru\é€te «create a new project via the Wizards», kat Design Development Wizard (1)

% Design Development Wizard
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2.2 Awx@opéc petagd tov SD kat to DD Wizard:

Yrniapyxouv 800 Baoikég Stadopég petafL tou Wizard SD kat tou DD Wizard:

1) To SD wizard pmopel va dnuloupynoel povo éva eviaio kEAudog ktipiou. Eva kéEAudog tou
KTLPLOU TIOPATIEUTIEL OE OTIOLASATIOTE TTEPLOXH TOU KTlpiou Tou potpaletal To idlo (1 mapouoLo)
anotunwpa, HVAC {wveg, Uog opodng, TUTOC Kataokeung 1 ¢akelog¢ HVAC. To Wizard DD
UMopel va xpnotpomnolnBel yia tn Snuiloupyia KTiplwv mou amattovv moAAamnAd keAudn.

2) To SD wizard pmopel va dnuioupynost €wg kat Vo mpodtuna tou cuotripatog HVAC (amd ta
omoia Ba dnuoupynBel éva f meploocotepa cuotrpata HVAC oto povtého cag). T DD Wizard
Umopel va xpnolpomnolnBel yia va dSnuoupynoet moAAd mpOTUTIA TUTO Tou cuotipotog HVAC
KOl TTIOPEXEL LEYAAUTEPN €VEALELD OTNV EKXWPNON TOU O€ KTAPLO LE TIOAAG SwuaTLa.

OL xprioteg umopouv va apxioouv to eQUEST project toug oe k@Be wizard. To SD wizard project
umopet va petatpanel oe apyeio DD Wizard ava maoa otiyun, Opwc, Ta apxeia DD wizard bev
UIOpOoUV va PeTatpanouv os éva apxeio Wizard SD.

2.3 Ewayoyn eto DD Wizard :

Ma 1o moAUmAoka Ktipla, TUY., yla KTipla pe opodoug SladopeTikwy oXNUATWY i yla Ktipla
TIOU €XOUV TIPOXWPNROEL 0TO oTAdlo TNG avantuéng tou oxedlaououl, to Design Development (
DD Wizard) mapgxet mpoobetn suelifia Stapopdwong. To DD wizard opadomotel T 0006veg
£loaywyng, T.X. KEAUdoug Ktnpiou, cuotiuata Air-Side. k.Am. H opyavwon yia tnv DD Wizard
TIAPOUCLAZETAL TTAPAKATW.
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Launch
eQUEST

~
Project/Site/Utility/

Schedule Seasons

Building Shell(s) CHW Plant
. ~7 DD Wizard

Air-Side System(s) Project HW Plant
Navigator

WLHP Plant DHW Equipment

eQUEST Detailed Interface

Fig 2.2 DD Wizard project navigator (1)

2to DD Wizard, oL xpriote¢ umopouv va opiocouv ToAAd keAudn ktipiou (yia mapadeyua,
Eexwplota ktipla, dameda, mrépuyeg, KAT), kat moAAamAd cuotiuata Air-Side HVAC, wotooo,
ETUTPEMEL TNV TIEpLypadr piag Hovo KeVIPIKNC povadag ava apxeio . H meplypadr moAamAwv
KEVIPIKWV HovAadwv emITpémnetol otnv Aentopepr) 00ovn. H kevtpkrny 086vn oto DD Wizard
glval o mhonyog, ovopaletal £tol eneldn OAeg ol aAAe¢ opadeg tou DD Wizard cuvdéovrtal
HETAEL TOUG PECW QUTOU.

EmtiAéyovtag pia and tig SUo emAOYEC TNG YPAUUAG EPYAAELWY TO TTPOYPAUMO ETLOTPEDEL OTA
napaBbupa Asttoupyiag Twv Schematic Design Wizard 13 Design Development Wizard. Onwg
avadEpbnke, umapyel n duvatotnta enefepyaciag Mode Tools Help Tou povtélou tou Ktnpiou
Kal amo tnv emhoyn Detailed Mode Help Interface lNa va mpayupatonoinBouv aAlayEg oto
HOVTEAO TOU KTnpilou amod autr tn Asttoupyla, eival Wizard Data Edit anapaitntn n aAAayn tng
emloyng «Mode» amnd «wizard Detailed» oe «Detailed Data Edit». Me tnv emiloyr autng tng
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AeLTOUPYLOG TOU MPOYPAMUATOG omoladnmote mpaypotonondel dev Ba amobnkeutel yla tov
TPOMO enefepyaoiag AV 0 XprnotnG Tou Ktnplou. emBupel va emotpédel otnv emAoyr Twv
Wizard. Autn n aAAayn yivetat amo tnv kaptéAa tou pevou Mode.

Tools Help
Mode Help

Wizard Data Edit
v Detailed Data Edit
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3. Ipoocopoiwomn ktnpiov pe to Aoytopiko eQUEST otov Kavada :

JtTo kepdAhalo autd mapoucialovial Ta Sedopéva TOU  XPNOLLomolOnkav yl v
Tipooopoiwaon Tou Ktnpiou e To Aoylopikd eQUEST oto Kavada (ocuotnupata B€puavong).
JUYKEKPLUEVA YIVETAL pia Tteplypadn Tou Ktnplou 6cov adopd TO APXLTEKTOVIKO OXESLO Kal TO
Slaxwplopd oe Bepuikég (wvec. Emiong avadépovral ta SOULKA UALKA TOu €€WTEPLKOU Kal
€0WTEPLKOU TOlxOoUu, 0podr¢ Kal Toug edadouc. Emiong Sivovtal OAa ta amapaitnTa otolxeia
€0WTEPLKA Poptia Kat yla ta cuotipata HVAC rou €xeL yLa Ta TO KTHPLO.

OL €MOUEVEG ELKOVEG €lval oL KATOYELS Tou Tmpotou Kal SeUtepou O0podo TOU KILPiou Tou
HEAETATOAL , OTIWG SOBNKAV OO TOUG apXLTEKTOVEC oto Kavada.
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Fig 3.1 katoyn tou mpwto 0po@o Tou oritiov (2)
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Fig 3.1 katoyn tou S€UTEPO GpOPO TOU OomLTioU (2)

ZeKWvape BApo-Brpa vor LEAETAUE VOl TTOPOUOLO KTIPLO LE QUTO TTOU ELOOE TTPONYOUUEVWG
KOlL VO TO OXESLAOOUE UE TO TipOypappa eQUEST .
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3.1 Krtiplako kéAv@og:

3.1.1 Ipotn oehida:

B eOUEST DD Wizard: Project and Site Data

General Information

Project Name: |'-‘I"l_’F'.’T 2 Code Analysis: |- none - b

Building Type: |CF"i'_—_' Bldg, Two Story j

Building Locstion and Jurisdichon

Location Sat: |Ca| farma (The 24) vl
Region: |.:: Angeles arsa [CFOE) j Jurisdiction: CA Tile2d Tl L7
City: |_;~_- Anpeles ap ﬂ
Ltilities and Rates
Utility Rate
Electric: SCE (CA) j ES-Z [non-TOU, 20 < kW < 500, three-phase service) ﬂ
Gas: SCG (CA) j |C—h-1l2 rbuildings with = 20800 therms/mao] j
Cthar Data
Analysis Tear: 2010 Usage Details: |Hourly Enduse Profile |

[W Prewvent duplicate model components

Wizard Screen | 1 of 7 - r!) Help E%"E::n %Dall'i:;:;trc %

Fig 3.3 General Information, first page.

1. Ovopa Apxeiou. EmiAé€te éva dvoua apxeiou TIOU XPNOLUOTIOLELTAL VLA VO OVOLLAOETE TO
dakelo Twv apxeiwv, 0mou 6w to ovopdacape Kavadag.

2. Tumocg ktipiou .AutA n emAoyn XPNOLUOTOLEITOL yla va 0ploToUV S1ddopol MAPAUETPOL
Tou Ktipiou (m.X., To Héyebog tou Ktipiou, TUTOG cuotruatog HVAC kAT.). ESw opiletat

Ktiplo pe 2 opodoug.
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3. Apxelou kalpou. Ymapxouv 4 emhoyec: "California (Title24)" ,"OAeg¢ ot eQUEST
Meploxég» , «Kavadeélikeg TomoBeoieg" kat "Emdoyn and to xprotn" Eav to apxeio

Kalpog dev eival oto okAnpod Siloko, 6tav n Mpocopoiwon ekteAeital (), AapBavetat
oautopata amno tnv wtooeAiba DOE-2. Ze auth T nepimtwon Kot adol TO CUYKEKPLUEVO
ornitL Bploketal oto Kavadd omdte £xoupe Ta apxeia Kawpou mou BEAoupe , emNéyeTal
2 MANOR ROAD NW CALGARY, ALBERTA .

4. O¢ppavon/Wuen. Kaboplopdc cvotripatog HVAC kat e€OMALOHOU TwV EYKATACTACEWV
(eav umapyouv). e auti TN NMEPLUTTWON €XOUME HOvo Bépuavon ,emeldr) to Ktiplo
Bpioketal oto Kavada ,oe kpua mepLoxn ,0mou dev xpetaletal Yun to kKalokaipt.

5. 'EAeyxog tou ¢uolkol dwrtilopol. Evepyomolel amevepyomolel otnv 08ovn to Ppuoikd
dwTLoONO ou oxetilovral.

6. Aemtouépeleg Xpriong. «Amhomnotnpévn On Off wplaia Mpodih » eival mpokaBoplopéva
npodiA xpnong wpa-amo-wpag. Emeldr) peAeTdtol OWKLOKO KTiplo, TO wpaplo eivat
24wpn Aettoupyia.
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3.1.2 Wizard e€optipota :

B eQUEST Design Development Wizard: Project Navigator

Project Name: |Project 2

DD Wizard Components: Bldo Shell Components: Air-Side System Types:
Project / Site / Utility | Eldg Envelope & Loads 1 HWAC System L
Edit Selected Bidg shell |
Edit Selected Air-Side System |
|
|
| Edit Selected Shell | Edit Selected System |
| Creats Naw Shell | Create New Systemn |
|
|

DHW Equipment

Fig 3.4 DD Wizard components

Mmnopeite va nuioupynoete mMoANAAoOUC OpLOPOUG cuoTnUa air-side. Auto mpooBetel eueliia
OTO TPOTO TIoU opilovtal oL TOUElG Tou apxeiou yla eEumtnpetnon SLOPOPETIKWY CUOTNUATWY
HVAC.

e Air-Side uotiuata. KaBoplopdg moAAamAwy air-side mpotunwv tou cuotripato¢ HVAC

e [Nakéto HVAC KAlpatiopou vepol cuunukvwtr Equip. Oplote WC DX e€omAlopnog

o WSHP efomAlopdg. Opiote tnv mnyn vepoU kal mpodiaypadés avitAlwv Bepuotntag
(novo éva plant WSHP ava apyeio)

e GSHP plant equipment. Oplopog eniyelag mnyng Kat mpodtaypad£c avtAlwy Bepuotntag
(novo éva GSHP plant ava oxédio )

e CHW kot HW efomAlopdc. XpnoOLUOTOLOTE TO Yl VA OTOKTNOETE TipooPfacn o
KEVTPLKEC Tpodlaypadéc PuEnc kat Béppavong e€omAlopou.
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e DHW EEOMALOMOG. XPNOLUOTIOLNOTE TO YlO VO OTIOKTIOETE TPOOPACn OE EYXWPLES
npodlaypadeég e€onmAlopol {eotd vepo (Mpog To mapov, povo évag DHW cuotrhuartog
{eoToU VEPOU Xpriong ava apxeio).

ESw o autn t nepinmtwon to omnitt eival ¢ptiaypévo amod éva kéEAudog kat Suo opodouc . Kat
€XOoUuuE xpnotlpomnolnoet éva cuotnua HVAC mou sivat ¢ptiaypévo ano éva boiler kat éva default
ocvotnua oWANVEG yla (eotd vepo kat multiple coils mou mdve kATw am to MATWHA ,yla
B€puavon Tou Ktipiou.

3.1.3 I'evikég mAnpo@opicc kKEAVPOVG:

eQUEST DD Wi:

General Shell Information

Shell Name: | BEldg Envelope & Loads 1

Building Type: |rv1L|Itifan'|iI-_.fr Low-Rise (exterior entries) ﬂ

[ Specify Exact Site Coordinates

Area and Floors

Building Area: 429,842 ft2 Number of Floors: Above Grade: 2 Below Grade: o]

Other Data

Shell Multiplier: 1 Daylighting Controls: [No  « Usage Details: |Hc:ur|'y- Enduse Profiles j

v i . .
¥ Prevent duplicate model components Component Name Prefix: | had Suffi: ’_

(# of Prefix + Suffix characters must be <= 4)

Wizard Screen | 1 of 25 » w Help Mext Return to E:':.

Screen Navigator

Fig 3.5 General Shell information

Ze auth ) oeAida éxoupe Ta €AC MpaAypaTa:
e Ovopa Shell. Xpnowuomnoujote auto to medio yla va avadEPOUE TO TPEXOV ETUAEYUEVO
otolxeio keAUdoOUG.
e AplBuodcg opodwv, émou edw eival 2 dpodol.
e EpBadov ktipiou , mou eivat 4298.42 sq.ft (399.33 sq.mts)
o AplBuoc keAudwv , edw €xoupe Evav kEAULDOG.
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o AemTOUEPELEG XprioNnG. «AmAomolnpévn ta SpopoAoyla On Off xpovodiaypdappata BrAua
Aettoupyia. Qpuaia Mpodid »eival mpokaboplopéva mpodih xpriong wPA-amo-wpeag.
AOyw Tou €elval yla OLKLOKO OTTL ,0TMOTE XPnOoLUOToLelTal KaBOAn tnv pépa 24/24
365/365 .

e Ovopa prefix, yia mapadelypa edw xpnowuonowjoapus HAD .

3.1.4 Xy£010 KTIpiov:

3TN €EMOMEVN €KOVA BAEMOUNE e OO TPOTO yivetal n oxedilaon Tou KTiplou oto mpoypappa
eQUEST armo 1o undév, ekvape anod éva onueio kat oxedlalouvpe kaBe mMAevpd Eexwplota . MNa
Vv akpifela BAEmoupe aplotepd Ta X Kat Y Tou KABe onueiou Kal pPe autd TO TPOTO EEPOULE
nwg va BaAoupe kaBe onueio akplPwe . ESw mpoomadriocape va KAVoU e €va TOPOUOLO OXESLO
LE QUTO TOU pag To Swoave oL apxLTEKTOVEG amo Kavada .

P 23
| %X e ow

Vert. 1 84.00 49.00

Vert. 2 16.00 49.00

T

Vert. 3 18.00 0.00

vert. 4 45.00 0.00

Vert. 5 45.00 -4.00

Vert. 6 49.00 -8.00

Vert. 7 58.00 -8.00

Vert. 8 62.00 -4.00

Vert. 8 62.00 0.00

Vert. 10 72.00 0.00

wert. 11 77.05 -4.75

Vert. 12 82.50 -4.85

Vert. 13 89.00 1.00

Vert. 14 89.00 7.00

Vert. 15 84.00 12.00

Floor Coord: ( 95.8, 11.6 ) dx: -5.0  d¥:50  dAngle: 45.0°

Footprint Stats: 15 Vertices, 3452.2 SgFt Length: 7.1 Angle: 135.0° % Done

Fig 3.6 custom building footprint

ITn €MOUEVN ELKOVA TTAPOUCLAIOVTOL TA YEVIKA OTOLXEla yLa TOV eEWTEPLKO 0XESLO TOU KTLpiou.
Metd to oXeSLAOUO TOU KTLPlou UmopoUUE eMOUEVWE va SlaAé€oupe ooo LPoGg €xel KABe
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0pod0¢. e auTH TN TEPMTWOon €xeL 0 MpwTtog 6podog uPog 10 ft kat o Sevtepog 9 ft .Emiong

€xeL va BaAelg epuPadov opodou ,06mou o mpwtog 6podog €xel 214.921 sq.ft. Itn cuveéxela

ETUAEYOULE TO TPOCAVATOALOUO TOU KTlplou ,0mMou O autr Tn MepimTwon To Ktiplo eival

OTPAUUEVO OTO VOTO.

— Building Footprint

Footprint Shape: [EEECn RN -] .. |

Zoning Fattern: I custam -

Zone Names and Characteristics

=

84.5% Percent Perimeter Zone

A

Building Orientation

North v

Footprint & Zoning Dimensions

Plan Morth:

Area Per Floor, Based On

Building Area / Number of Floors: 214,921 ft2

Dimensions Specified Above: 3,452 ft2
Floor Heights

Flr-To-Flr: 10.0 ft Flr-To-Ceil: 9.0 ft

Roof, Attic Properties
¥ Pitched Roof [~ Attic Above Top Fl

Mo Attic, 25° Roof Pitch w/ 0.0' Overhang |

Custom Roof Footprint I t_j-)
) I—_l EBrevious Mext Return to
Wizard Screen | 2 0of 25 ¥ ‘_’) SEE 6 “Screen Screen 9 ﬁavigatur %

Fig 3.6 Building footprint
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3.1.5 Yo@ito Ko oTéEYN:

Attic and Pitched Roof Properties

Insulation Location: |Attiu: Floor ﬂ

| Attic Above Top Floor

|+ Pitched Roof

Roof Pitch: 25.0|%=
Cwerhang Projection: 0.0 ft

Custom Roof Footprint | @J

Toggle Hip/Gable Roof Ends 'l
Roof Ridges/Edges

Help ?J Done % |:

Fig 3.7 Attic and pitched roof properties

AuTtr n 066vn, XpNOLUOTIOLEITAL YL TOV OPLOUO TWV XOPAKTNPLOTLKWY TNG ETUKALVOUC OTEYNG.

e Movwon. H emiloyn otéyng onuaivel Tnv umapén pag coditag katw amnd auvtn (6nA.
AuTtn n Asttoupyia Sev umopel va xpnotpomnotnBel yia va kabopioel tn BoAwth opodn).

e EvaM\ayn Hip / Gable Roof Ends. Aplotepd KAIK 0Tn maxld, aoBeVWE KOKKLVN YPAUUA
(amekoviletal avwTtépw) yia evaldayr HETAEL LoXiOU Kol AETWO OTEYEC.
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Opodr). Avadépete ™ KAion ywa thv otéyn. H khion pmopei va unohoyilotel we tan™
(rise/run). Mo TMOPASELYHA, Hia oTéyn Me dvodo 5" oe 12" run= tan™ (5/12) = 26.6
HOlpEG.

Mpogfoxn mpoBoAng. Xpnowlomoleital yia va emektaBel n ypauun opodng yla va
dnuloupynoete pla soffit/overhang.

Gable mpoPoAng. O €Aeyxog autog eudaviletal HOVO av UTIAPXEL TOUAAXLOTOV €va
QETWUO OTO TEAOG TNG OTEYN.

Kouuni MNpooapuoyy Amotunwpo Root. Eav to amotumwpa €vog Ktiplou eival
unepBoAkd TOAUTIAOKO (T.X., Tdpa TOANEG ywvieg), n  auvtopatn Sladkaoia
Snuoupyia otéyn oto eQUEST bev Ba ival oe Béon va SnuoupynoeL Tnv otéyn. Auto
TO KOUMTIL Mapéxel mpooPfacn os pia 060vn oxedlaong MO EMITPEMEL OTOUG XPOTEC Vol
OUTAOTIOLI OEL TO OXH O TOU QIOTUNMTWHATOC TNG opodn ¢ (BAETe emopevn oelibay).

3.1.6 Kelb@ovg Tov ktipiov: £€0pno amotvmopa otéyn:

Custom Roaf Faotprint | 2 | o

k24

H %X oo

Restore Default Shape

&

x‘vl,

Vert. 1

Vert. 2

Vert. 3

Vert. 4

Vert. 5

Vert. 6

Vert. 7

Vert. 8

Vert. 8

Vert. 10

Vert. 11

Vert. 12

Vert. 13

Vert. 14

Vert. 15

84.00 43.00
18.00 48.00
18.00 0.00 ||z
45.00 0.00
45.00 -4.00
43,00 -8.00
58.00 -8.00
62.00 -4.00
62.00 0.00
72.00 0.00
77.05 -4.75

82.50 -4.85
89.00 1.00
89.00 7.00
84.00 12.00

Fig 3.8 Custom roof footprint
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AuTh n 006vn XpNOLUOTOLELTOL YLO VO ATTAOTIOLHOEL TaL OXESLO0 0pOdrC IO ETIKALVELC OTEYEC TTIOU
oxetilovtal Pe KTLPLAKO CUYKPOTNMa KaAuyng .Kata tnv eicodo autn tnv 086vn, To moAuywvo
amotunwua otéyn eudaviletar oe pmAe xpwpa. EmAé€te omowadnmote kopudr TOUu
UDLOTAEVOU QTOTUTIWUOTOCG OTEYN TTOAUYWVO UE APLOTEPO KALK. ITO XPWHO TNG ETUAEYUEVNG
Kopudng Ba epdaviotouy eite wg Kuavo (YaAallo) n avolkto kitpvo. Metadopd kal anobeon
€VOCg umAe avtiypadou otnv kopudr). Metadopd kat andbson evog kitpwvo otnv Kopudn
HETaKOUIZeL (KvnoeLg) Tnv kopudr). Evallayr) Tou XpWHATOG TNG eveEPyol KOPUDNG UE Eva KALK
otnv kopudn. Kavte 8e€l KAk ylwa va ofriote snap-to-grid, edav eival emBuuntd. Apeca
EMEEEPYAOTEITE TIC OUVTIETAYUEVECG TNG KOPUDNG OTO UTOAOYLOTIKO PUAAO OTO apLOTEPO, EAV
elval emBupnto. Ta Aoutd Kouumid NG YPAUUnG epyodeiwv (onwe daivetal ota 6e€ld)
TieplypadovIal mopoKATw .

o4 D &%

o | M =3 cw

s Pointer, select this tool before selecting a vertex

2 Zoomin / out, select this tool then left mouse click & stroke vertically to zoom
< Pan. select this tool then drag & drop to pan the drawing tablet

& Open CAD drawing file, use this to import DWG & DXF files

[l Drawing selector, click this plus either the zoom or pan buttons to 2100m or pan the CAD
drawing image (rather than the drawing tablet)

& CAD file properties, click this to view/edit the CAD drawing image properties

= CAD drawing layers, click this to view/review layers in the CAD drawing (i.e., can be used
to turn off unnecessary layers that clutter the image)

= View Properties. click this to edit the view properties, e.g.. turn off or adjust snap-to-grid

X delete button, use this to delete the currently active item

¥3 ¥ undo / redo, for use with drawing changes
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3.1.7 Z.®Ov1) OVOROTO KOL TO YO.POKTIPLOTIKA:

ITIG eMOpeveG SUO €LKOVEG BAEMOUE XAPTN TOU omutol Tou Seixvel Ta dSwHATla Tou
,0TN pwtn PAEMoOupE TO XAPTN Tou 600nke am Toug apxltéktoveg oto Kavadda kot
BAEmoupe TG ovopaocieg mou €xouv dwoel oe kKABe Swpadtia. ITn MeEPMTWON HAC
KAVAE KATL TTAPOOLO ,KOL OVOUACAUE KAOE SWHUATLO ,TTIOU TPAYHATIKA lval EExwpLoTh
zone oto npoypappa eQUEST ,( M.X : Entrance ,office ,kitchen , ktA ).

To eMOPEVO TIPAYUO TIOU UIMOPOUKE VA KAVOUE 0 autr Tn oeAida eival va StahéEoupue
yla kaBe zone av Ba €xeL Bépuavon n oxL ,n av Ba Bepuaivetal pe aAlo cvoTnua
B€puavongc. Itn nepimtwon pag, oAa ta dwudtia Beppaivovtal Pe To (810 TPOTo , EKTOG
am to Garage , mou dev €xel kaBoAou Bpuavon.

HE{| sva spa sveTEm
IFNIGIHET"

N, = - R
o S, KITGHEN L_L~ e - FAMILY ROOM fzr
1BLHT0" §

FOOL
120" %25-0"

G.H, SECTIONAL DOOR
B RET

s

MAIN FLOOR=2,399.94 SQ.FT.
UPPER FLOOR=1,898.48 SQ.FT.
TOTAL AREA=4,296.42 SQ.FT.

GARAGE AREA=G671.17 SQ.FT.

A

Fig 3.9 Zone names and characteristics as given by engineers (2
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— Zone Names and Characteristics

Zone Type: I Conditioned LI

[™ Multi-Level Space (atrium)

Layer-by-Layer Constructions
Roof: I- none - vl _I
Ext wall: I-nune- vl |

100.0% Conditioned ‘
. Conditioned Zone(s) % Denotes Multi-Level Zone(s) Zone Names: |User Defined ;I
[ Unconditioned Zone(s) [0 Active/Selected Zone

Zone Name Templates |

I_ Refrigerated Zone(s)

IGround Floc 'l

Help @ Daone E

Fig 3.10 Zone names and characteristics as drawn on eQUEST
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3.1.8 Koataokevi] Tov KTiplokod KeADVQoG:

Y& aQUTO TO onueio SLafAlOUUE TN KATAOKEUN TWV TolYwv Kot To matwua layer by layer. Me
QUTO TO TPOTO YIVETAL O OXESLAOUOG TOU KEAUGDOC, OTIOU XPNOLUOTIOL)COUE TO OTOLXELQ TTOU
860nkav anod toug apxLtéktoveg tou Kavada (Fig.3.13, 3.14, 3.15 ), yla va ptiaoupe Toug
Tolyoug kalL To matwpa layer by layer , kot BdaAape kdBe UAKO OmMwg elval otn
TIPAYLATIKOTNTA ,Kal BAAQUE KOL TO QVTLOTOLXO TAXOG 0 KAOE UALKO .

Me auTO TO TPOTO UMOPOUUE VO TTALEOUE LE TO TIAXOC KAl TN TOLOTNTO TOU KABE PeTAAAOU
yla va KatapEPOUUE TN KAAUTEPN HOVWON Tou Krtipiou. ETol pelwvovial ol OmMWAELES

BepuoTNTAC TOU KTLPLlOU.

— Building Envelope Constructions
Roof Surfaces Above Grade Walls

Construction: Wuud Adwvanced Frame, 24 in. 0.c vl IE! in. HW Concrete ;I
Ext Fimish / Color: IRDDﬁng, shingle LI IGra',f, darl; LI IStucca,"Gunite LI IEernr medij
Exterior Insulation: Il 1/2 in. polystyrene (R-6) ;I Il 1/2 in. polystyrene (R-6) j
Add'l Insulation: IFL-SI:I batt + rad barrier ;I I no integral insul - j
Interior Insulation: IR-LS wd furred insul j

Ground Floor
Exposure: IEar‘th Contact ;I Interior Finish: ICarpet with fiber pad ;I
Construction: |4 in. Concrete ;I
Ext/Cav Insul.: I no perimeter insulation - ;I

Infiltration (Shell Tightness): Perim: 0.038 CFM/ft2 (ext wall area) | Core: 0.001 CFM/ft2 (floor area)

: I I Previous Next Return to %

R © °f 25 t_’) — 6 Screen Screen 9 Navigator

Fig 3.12 Building envelope constructions
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WALL TYPES

EXTERIOR WALL AT CONC

FOUNDATION WALL

&7 THICK CONC. FOUNDATION WALL C/W 2-10 M
RE-BAR T&B [N 18°x&° CONT. STRIP FOOTING
FROVIDE MIN. 4-0" BELLW GRADE DAMP
PROCFING BELLW GRADE PARGING ABDVE
GRADE 2x3 WOOD STUDS AT Is* [L

R=12 BATT INSULATION 6mil POLY VAPOUR
BARRIER 1727 GYPSUM BOARD,

@ EXTERIOR WALL ABOVE CONC.
FOUNDATION WALL
EXTERIOR FINISH AS SPECIFIED BUIL DING
PAPER, 378 EXTERIOR IS SHEATHING
Ext WOOD STURS AT 16" [0C, R-20 BATT
INSULATION, 6mil POLY VAPOUR BARRIER
1727 GYPSUM BUARD

INTERITIR WALL

12* GYPSUM BOARD

Cxd WK STUDS AT 16° [0, 1727 GYPSUM
BOARD (EXCEPT NOTED DTHERWISE)
INTERIOR WASHROOM WALL

WALL TYPE W3 C/W

R-12 ACOUSTIC INSULATION

GARAGE WALL

EXTERIOR FINISH AS SPECIFIED  BUILDING PAPER
376 EXT. GRADE [SB SHEATHING

2x6 WOOD STURS AT 1g* 0.0

R-12 BATT INSULATION/2* GYPSUM BOARD

FRONT WALL

cxe WD STUDS AT 16° [0

R=20 BATT INSULATION

Fig 3.13 Wall types as given by engineers (2)

EXTERIOR MATERIAL FLOOR FINISHES
HARDWITD
<M1> ASPHALT SHIGLES ¢ 3/4* SOLID HARDWODD
@ CERAMIC TILE
@ STUCCO (LIGHT BROWN COLOR) TYP CERAMIC TILE CAW 3/8° PLYWONID
@ CARFET
@ STUCCO (DARK BROWN COLOR) CARPET AS PER WNERS SPECS (/W 8LB
LMIER AT
<n.u> STONE (LIGHT BROWN COLOR)
<M5> STEEL RAILING ROOF TYPES
ME EXTERIOR EMTRANCE DOOR SO GENERAL MOTES:
WOODEN DOOR Bl ROOFING MATERIAL IS ASPHALT 1. CONTRACTOR
-BELOW &T , FINISH T RaDE ! e
OWSTUCCO. ANSHTO G ENGINEER APPROVEDP il
M8 } INSULATED GARAGE DOOR TRUSS SYSTEM AT 16" D.LC. MAX WITH ENGR
R-34 BATT APROVED
INSULATION &mil POLY “WaPDUR DR AWINGS.
BARRIER 1/2° GYPSUMBOARD
CEILING RODF SPACE TO BE
VENTED C/W ATTIC ACCESS.

Fig 3.14 Exterior, Floor and Roof material as given by engineers (2)
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FLOOR TYPES

1\ GARAGE & DECK SLAB
4° CONC. SLAB C/W 10mm DIA. REINFORCEMENT AT

18° 0C. BOTH WAYS, 5* CUMPACTED GRAVEL
CUMPACTED EARTH

< \ LOWER FLOOR SLAB
3“' CONC. SLAB 6 mil PULY VAPUUR BARRIER
5" COMPACTED GRAVELCOMPACTED EARTH

(o) MAIN FLOIR
\F8/ FLOOR FINISH AS SPECIFIED

3/4° T & G 0SB SUBFLIUR GLUED AND NAILED
TJL FLOOR JOISTS AT 247 UL MAX.
1/2° GYPSUM WALL BUARD
<_> UPPER FLUIR
FLOOR FINISH AS SPECIFIED
3/4° T & 6 0SB SUBFLIOOR GLUED AND NAILED
TJLFLOOR JOISTS AT 247 UL MAX
wiliD STRAPPING AT 16 [IC.
172 GYPSUM BOARD

Fig 3.15 Floor type as given by engineers (2)
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3.1.9 Koataokevi] EcoTtepiko ktipiov:

3TN enMOMEVN €lKOVA PAEMOUUE TWE KOTOOKEUAJOUUE TO €0WTEPLKO KOUMATL TOU
KTLPLOU , OO TOUG ECWTEPLKOUG TOLXOUG KOl TO ATWHA . Baloupe ta UAKA pE TOV
(610 Tpomo mou ta BAlopE KoL TIPONYOUUEVWE OTO EEWTEPLKO KOUMUATL . Ta UALKA Tal
TIOU XPNOLUOTIOLOUVTOL €lval auTd mou 600nkav am Toug apxLtéktoveg (Fig.3.13,
3.14, 3.15).

— Building Interior Constructions

Top Floor Ceiling (below attic)

Int. Finish: Lay-In Acoustic Tile - Batt Insulation: IR-SB batt j

Framing: IWCIl:Id, Standard Framing ;I Rigid Insulation: I no board insulation - j
Ceilings

Int. Finish: IwaaII Finish ;I Batt Insulation: I no ceiling insulation - ;I
Vertical walls

wWall Type: Air (none) ;I
Floors

Int. Finish: ICarpet with fiber pad ;I Rigid Insulation: |- no board insulation - j

Construction: Il. in. plywood/underlayment ;I

Concrete Cap:l- no concrete cap - ;I
: I | 5| Previous MNext Return to %
Rl a4 of 25 ‘_‘) L=lp 6 Screen Screen 9 Mavigator

Fig 3.16 Building interior constructions on eQUEST
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3.1.10 Emtepikég mopreg:

BAénoupe oto (Fig.3.17) pe molo tpomno PBaloupe TNG EWTEPIKEG TTOPTEG TOU KTlpiou.
MrmopoUpe va Sdtalé€oupe 3 SladopeTkolg TUTTOUG TIOPTAG KL TG TOTOOETOUUE OTLG
TAEUpPEG ou B€Aou e (Fig.3.17) . Emopévwg Sltaléyoupe To UPOG Kal TAXOC TNG TOPTOG

KoL orto TL UALKO lvail To KaBEva.

— Exterior Doors
Describe Up To 3 Door Types
# Doors by Onentation:
Door Type South MNorth East West
v [ -] [ 1 [ o o o
Z:IGIass LI I 0 I 0 I 1 I 0
3:|Duerhead LI I 1 I 0 I 0 I 0
Door Dimensions and Construction f Glass Definitions
Frame
Ht (ft) Wd (ft) Construction -or- Glass Category and Glass Type Frame Type Wd (in)
1:| 6.7 I 3.0 IStEEI, Polyurethane core w/ Brk ;I
Z:I 6.7 I 3.0 ISingIe Reﬂectiue;l ISingIE Ref-A-L Clear 1/4in (1400) ;I IAIurn wio Brl‘LI I 3.0
3:| 8.0 |16.0 [|Uninsulated Steel |
. I I il Previous Next Return to %
pi=aplat) 5o 5 ‘_‘) Help e Screen Screen e MNawvigator

Fig 3.17 Exterior doors on eQuest
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3.1.11 Emtepikd mapdOupa:

Me tov (610 TpoOmo mou GTALAUE TIG TOPTEG OTN TIPONYOUUEVN €vOTNTA ,PTIAXVOUUE Ta
napaBupa kat Baloupe Ta UAKA Touc. Emiong emiAéyoupe Tn MAeupd Tou eival TomoBetnpévol
oL valormivakeg (Fig 3.18).

Eniong €dw pmopoupe va Baloupe ota mapdbupa okiaon, onwg napouctalovtol oto (Fig
3.19).

— Exterior Windows

Window Area Specification Method: |[[ZE = gias By =T E RN EER G [T deRat=11 [TaTs )] -

Describe Up To 3 Window Types
Frame

Glass Category Glass Type Frame Type wd (in)
1: IDDubIE Low-E j IDIJI Low-E {(e3=.2) Clear 1/8in, 1/4in Air (261DL| IIns Fibergls/Vvinyl, Oper, I'LI I 1.50

2: I- zelect another - _I

Window Dimensions, Positions and Quantities

Typ Window Window sill % Window (floor to ceiling, including frame):
width (ft)* Ht (ft) Ht (ft) South Morth East West
1: [ 0.00 [ 425 | 300 | 148 | 148 | 148 14.8

Estimated shell-wide gross (fir-to-flr) % window is 13.3% and net (flr-to-ceiling) is 14.8%.

* - A window width of 0 results in one long window per facet {chedk Custom Window,/Door Flacement
adjcining box if window width is to take precedence owver % window) /

i 5| Previous Mext Return to %
Wizard Screenl 6 of 25 "I g_’) belp Screen Screen 9 Navigator

Fig 3.18 Extirior windows.
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— Exterior Window Shades and Blinds

Exterior Window Shades

Overhangs: [T RN ~ |
Fins: INDI‘IE ;I

Window Blinds/Drapes

Type: |Mone ;I
: I | Previous Mext Return to %
| 7of5 :_’J = 6 Screen Screen é Navigator

Fig 3.19 Exterior window shades and blinds on eQUEST.
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3.1.12 Deyyiteg opoPi|g :

Exoupe tn Suvatotnta va Baloupe peyyiteg oTo KTipLlo pag.

Roof Skylights

Skylit Rooftop Zones;
To place skylights on a pitched roof,
click "Edit Custom Skylights" below.

W Use Custom Skylights
Edit Custom Skylights | )

- 2| Previous Mext % Return to  [E3
PRl S| 8of 25 [ t_‘) tEis Screen Screen D MNavigator W

Fig 3.20 Roof skylights on eQUEST.
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3.2 Detailed interface:

Mua cuvoAkn avaBewpnon tou Aemtopepoug Interface tou Equest eivat mépa amnd to nedio Tng
napovoag availuong. Qotoco, Ula ouvtoun meplypadr Ba Bonbrioel To véo xprnotn va
XPNOLUOTIOLOEL KATIOLEG AeLTOUpYieg Tou AemttopepoU¢ Interface, .., va emiBeBatwoel 2-D kat
3-D yewpetpia.

MoAAG oNUOVTIKA KOUMTLA Bplokovtal otnv emavw ypopuun €pyoAeiwv tou AemTOUEPOUG
Interface. Auta €ival ev cuvtopia og autn TV evotnta. Meplocotepes MANPOPOPIEG OYETIKA UE
QUTA IOV BplokovTal 0To TUAKA YPNYOoPNS EKKIVoNG auTou Tou 0dnyou.

Inuavtikn Inpetwon: Av kat eival duvatod va enefepyacTeite omoladnMOTE 1) OAEG TIG EL0OS0UC
ToUu poVTélo eviog tou Detailed Interface, autd 6ev cuviotdtal yla apxAaploug XProTeG.
INUELWOTE OTL oL OToLeG aAAaYEG Eylvav oto mAaiolo tou Detailed Interface ev kowvomolouvtat
niiow otoug Wizard ) otnv EEM Wizard (6nAadn, ev anmoBnkevovtal oto apxeio INP).

OL aAM\ayég mou €ywvav oto Aentopepég Interface Ba xaBouv kalt to apyxeio INP Ba
avtikataotabel anod Tt elodédoug mou meplExovtal péoa oto SD i DD Wizard. Opoilwg, n EEM
06Nnyo¢ unopel va emikolvwvel povo pe tnv SD & DD. Ot tuxov aAlayEg oto AvaAuTiko Interface
oyvoouvtal amnod Toug xpnoteg EEM .

OL €umelpol xprioteg Ba Bpouv TAEOVEKTAMOTA O HOVTEAQ enefepyooiag AUeca PECA OTO
Detailed interface. lNa va enefepyaoteite to Detailed Interface, ol xprjoteg Ba mpénel mpwta va
aAAa€ouv tn Asttoupyia tou Wizard Data Edit ota Detailed Data Edit mode. Autd yivetal ano to
pevou. TpaPrnfte mpo¢ ta KATW TO HevoU Mode kot emidé€te Detailed data edit (BAéme
TIAPOKATW OXAMQ)

(3] Project 2.pd2 - eQUEST Quick Energy Simulation Tool
Fle Edt View Lol Tooks Help

Ded Mode teb 13 S o & @
=) Py YWizard Data Edit ( ﬂ r"i 5 o ﬂ m
Project 8 v DetadedDataEdt  [ghell Internal Loads Water-Side HVAC
—

Detailed Interface, Mode Menu options

25t mode wi oratle rou t Uk e Sukdng Ceaton sndior M run wawrde. Any modfcatons ou Sy Meve made b B detaled Suldrg
G e prems Te Frdy Sutton $am e BASng Deaton wawd o ente e TIM run sawd

Selex! YES 1 yeedct 0 Ed% mode, o
MO % oo in B Detind Dats £ mode

Fig 3.21 Warning message issued when changing from Wizard edit mode to detailed edit mode
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Detailed interface

3.3  House maps:

In the next two pages we will see different images of the building, starting with the map given by
engineers (Fig 2.22), then a 2D view of the building from eQUEST.
After that we’ll see 3D view of the house front-side and back-side as given on maps, and then as

simulated on eQUEST.
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Fig 3.22 Building shell Module, 2D view as given by engineers. (2)
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Fig 3.23 Building shell Module, 2D view on eQUEST.
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Fig 3.25 Building shell Module, 3D view on eQUEST (Front-side).
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Fig 3.27 Building shell module, 3D view on equest (back-side)
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3.4 HVACsytems:

For the HVAC systems, there are some steps to follow to install the right systems, first of all by
clicking on the Water-Side-HVAC button in the navigation bar (Fig 2.28), it take us to a page that
allow us to choose heating systems that we need for heating the house and heating water, so it
gives us a lot of options of boilers, coils, plants etc. to use .So after asking the engineers in
Canada about what systems do they use, we came up with the systems shown in (Fig 2.29) .

The next step was to choose the right installations that we should use in the house ,so came up
with the Floor panel heating coil as shown on (Fig 2.30) ,as was recommended by engineers .

By this combination we got the best heating system for this house in Canada, we can see in the
next chapter the consumption of electricity and natural gas was.

1% = I ol A & BB HaE X F161'%
Project & Site Building Shell Internal Loads Water-Side HVAC Air-Side HVAC Utility & Economics

Fig 2.28 Navigation bar, HVAC part selected.

.‘—_.
] [ _ _
Multiple Coils .

-

B
_ DHW Plant 1
Boiler 1 Res Wir Htr (...

' ” DHW Plant 1 Res Loop (1)
DEFAULT-HW

Fig 2.29 Water-side HVAC, on eQUEST.
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Radiant Slab [ Zone Assignments

Dinning area
Living room
Bedroom

Hide Zone Assignments
Hide Zone Features
Hide Zone Locations

ter bedroom

——
(< <f<B<f<d<f<f<f<]<]

Thermal Zone 12
Office 2
Bedroom 2

—
Zone Features

Floor Panel Heating Coi i 5 =

AN

zone ocions . ||| B

<l

Thermostat

Fig 2.30 Air-side HVAC, on eQUEST
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4. Energy simulation and results in Canada on eQuest:

4.1 Consumption:

In the next Figure (Fig.4.1) we can see the electric consumption of the house per month as given
by eQUEST. And as we can see water heating, misc. equipment and area lightning are the most 3

thing consuming electricity.

(x000) Electric Consumption (kWh)

4.

J|

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig 4.1 Electric consumption of the house

[] Area Lighting [ ] Exterior Usage [l Water Heating

B Task Lighting B Pumps & Aux. B Ht Pump Supp.

B Misc. Equipment [ Ventilation Fans Il Space Heating

Fig 4.2 Electric uses by color

L] Refrigeration
B Heat Rejection
B Space Cooling
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Jan
Space Cool
Heat Reject. =
Refrigeration
Space Heat =
HF Supp. =
Hot Water 1.44
Vent. Fans -
Pumps & AuX. 0.07
Ext. Usage -
Misc. Equip. 1.28
Task Lights -
Area Lights 0.78
Total 3.57

Table 4.1 Electric consumption per month (KwH*000)

Feb Mar
1.3-5 1. 5-2
D,ﬂ-ﬁ G,U-ﬁ
1. 1-5 1. 2-3
D,?-D 0,?-?
3.28 3.64

Apr May Jun

Jul

1.28

0.78
3.24

Aug

Sep

1.24

0.75
3.07

Oct

Nov

1.28

0.78
3.47

In this table (Table 4.1) we can see the electric consumption per month by numbers as given by
eQUEST. The most three consumption of electricity are: water heating, area lightning, pumps

and aux, and other equipment, in a typical house in Canada.

(x000,000)

SD“

307

ID“

D.

607

407

207

Gas Consumption (Btu)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Fig 4.3 Gas consumption of the house per month (Million Btu)
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Total

15.27
0.66
15.07

9.17
40.16



-10

15 i

.20 www allmetsat com

E 2 5§ 5 @& = T &

5 2 2 38 533 838 2
Fig 4.4 Calgary annual temperatures. (3)

Dec

As the monthly temperature decreases as the gas consumption increases, that means in July and
August where the temperature is high, gas consumption is at it lowest and the opposite in
January and December.

Space Heat (KWH)

4.0

3.5

3.0

2.5

2.0

B Space Heat
1.5

1.0

0.5

0.0 s
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig 4.5 Space heat per month (kWh)
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Space Cool
Heat Reject.
Refrigeration
Space Heat
HP Supp.
Hot Water
Vent. Fans
PumMps & Aux.
Ext. Usage
Misc. Equip.
Task Lights
Area Lights
Total

Jan Feb
52.48 45.03
52.48 45.03

44.74

44.74

Table 4.2 Gas consumption per month (Million Btu)

Mar Apr May Jun Jul Aug Sep
33.39 25.55 17.44 12.40 11.13 16.62
33.39 25,55 17.44 1240 11.13 16.62

Oct Nowv Dec

Total

In this table (Table 4.2) we can see the gas consumption per month by numbers as given by
eQUEST. As we can see natural gas is only used in this case for space heating.

Space Cool
Heat Reject.
Refrigeration
Space Heat
HP Supp.
Hot Water
Vent. Fans

Pumps & Aux.

Ext. Usage
Misc. Equip.
Task Lights
Area Lights
Total

Table 4.3 Annual Energy consumption by Enduse.

Electricity Natural Gas Steam
kWh MBtu Btu
- 378.43
15,274 -
657 =
15,066 -
9,166 -
40,163 378.43

25.03 42.14 52.46 378.43
25.03 42,14 5246 378.43
Chilled Water

Btu
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Space Cool
Heat Reject.
Refrigeration
Space Heat
HP Supp.
Hot Water
Vent. Fans

Pumps & Aux.

Ext. Usage
Misc. Equip.
Task Lights
Area Lights
Total

Area Lighting
Task Lighting
Misc. Equipment [

Jan

23%

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec

Refrigeration
Heat Rejection
Space Cooling

Exterior Usage I
Pumps & Aux.
Ventilation Fans

Water Heating ﬂ
HE Pump Supp.
B Space Heating | |

Fig 4.6 Electric demand (KW)

Table 4.4 Electric demand (KW)

Feb Mar  Apr May  Jun Jul.  Aug Sep  Oct  Nov  Dec
423 424 415 382 349 320 302 300 316 344 377
005 008 007 007 007 003 003 006 007 009 0.0
3.4‘(] 3.4-0 3 .4-I'.I 3 .4-l] 3 .4-l] 3.4-[.'1 3.4-0 3.4;] 3.4:.') 3.4:2'! 3‘4-[]
325 325 325 226 325 325 325 325 325 325  3.25

10.98 10.97 10.87 10.54 10.21 9.88 9.70 9.72 9.88 10.19 10.52
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In the next Figure (Fig 4.7), we did a small diagram of how much the electric demand for hot
water in % of the total electric demand.

And how much in (Fig 4.8) the electric demand for area lightning in % of the total electric
demand.

100%

90%

80%

70%

60%

50% Total electric demand

40% hot water

30%

20%

10%

0% T T T T T T T T T T T 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig 4.7 % of electric demand for hot water per total demand

100%

70%

50% Total electric demand

40% Area lights

30%

20%

10%

u% 1 I I 1 I 1 1 I I I 1 1

st = S5 wooa > u
s B oom 5 2 I o 4 2 2
o = = < wn @ =z o

lan

Fig 4.8 % of electric demand for Area lights per total demand
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100
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&0

40

20

Jan Feb Mar Apr May Jun Jul Aug Sep OCt Nov Dec

Fig 4.9 Gas demand (Btu/Hrx000)

In (Fig 4.9) and (Table 4.5) we can see the gas demand per month in diagram and by numbers in
the house we simulated given by eQUEST.

Space Cool
Heat Reject.
Refrigeration
Space Heat
HP Supp.
Hot Water
Vent. Fans

Pumps & Aux.

Ext. Usage
Misc. Equip.
Task Lights
Area Lights
Total

Feb

90.40

90.40

Table 4.5 Gas demand (Btu/Hrx000)
Mar Apr May Jun Jul Aug Sep Oct Nowv Dec Total

91.35 77.60 68.97 59.33 59.73 59.65 59.60 66.10 91.57 91.57 932.08

91.35 77.60 68.97 59.33 59.73 59.65 59.60 66.10 91.57 91.57 932.08
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In (Fig 4.10) we can see the annual energy consumption either electric use or fuel use by endues.

Task Lighting
ise. Equipmen: [
Exterior Usage
Ventilation
Pumps and Misc.l
Refrigeration
Space Cooling
Heat Rejection
Space Heating
I

Ht Pump Suppl.

Water Heating

01 2 3 45 6 7 8 910111213141516 0 100 200 300 400 50C
Electric Use (kWh x000) Fuel Use (Btu x000,000)

Fig 4.10 Annual Energy consumption by endues.

In (Fig. 4.11) we can see the monthly Electric Peak day load profiles, given by baseline design data by
eQUEST.

[ ] Area Lighting [ ] Exterior Usage ] water Heating ] Refrigeration
B Task Lighting B Pumps & Aux. B Ht Pump Supp. B Heat Rejection
Misc. Equipment O] ventilation Fans [ | Space Heating [ | Space Cooling
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20 20

15 15

Fig 4.11 Annual energy consumption
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4.2 Costs:

In this part we did a little research about prices of natural gas in Canada, and as conclusion we managed
to calculate the economics costs of space heating for the house we simulated on eQuest.

So as we see in (table 4.6) daily cost of natural gas Dollars per Million Btu ~ 2.54 $/BTux 10° .From
(Table 4.2) the total annual gas consumption is 378.43 BTux 10° . So the Annual cost for space
heating is 961.21 $ per year.

And by that we calculated approximately the total costs per year for space heating for the
house we simulated on eQUEST in Canada.

Henry Hub Natural Gas Spot Price

Dollars per Million Btu
20

1998 2000 2002 2004 2008 2008 2010 2012 2014 2018

— Henry Hub Natural Gas Spot Price

Fig 4.12 Annual cost of natural gas Dollars per Million Btu. (4)

Table 4.6 Daily cost of natural gas Dollars per Million Btu. (4)

Week Of Mon Tue Wed Thu Fri
2015 Dec-14 to Dec-18 1.70 1.66 1.70 1.79 1.74
2015 Dec-21 to Dec-25 1.76 1.73 1.63 1.63 1.63
2015 Dec-28 to Jan- 1 .11 239 2.28 28 228
2016 Jan-4 to Jan- 8 239 2.33 237 2.35 247
2016 Jan-11 to Jan-15 254
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4.3 Isolation role:

By comparing the gas consumption for space heating by changing the glasses type and
thickness Fig.8, as calculated by the program eQUEST, we can see that gas consumption has
decreased a bit while changing normal glasses to double. But a big difference appeared when
we used the triple glasses. That means that good isolation plays a big role in preventing thermal
losses, and by that, economical losses.

Glass Thikness

g‘ -
s AN /,
B 40 e 6mm/air/6mm
g // —GMM
2 30
S / Triple
8 20
(U]
10
0

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig 4.12 Comparing gas consumption for space heating by changing glass type and thickness.

Table 4.7 Glass type code

GTC
Mame

Mum Shading U-value Solar Vizible Film Film Film
Layers | Coefficient | (center) | Reflectance | Reflectance | Cond. 1 | Cond. 2 | Cond. 3

Description Picture | Drawing

S e

1400 Single Ref-A-L C 1 0.230 4,900 0.515 0.400 25.470 3.300| s&.1500 | 50,003
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4.4 U-Value:

What is a U-value? Heat loss, thermal mass (5):

Although the main focus of environmental performance of buildings is now on carbon usage,
there is still a need to consider thermal performance of the building fabric as a contributing
factor. Thermal performance is measured in terms of heat loss, and is commonly expressed in the
construction industry as a U-value or R-value. U-value calculations will invariably be required
when establishing construction strategies.

U-value or thermal transmittance (reciprocal of R-value):

Thermal transmittance, also known as U-value, is the rate of transfer of heat through a structure
(which can be a single material or a composite), divided by the difference in temperature across
that structure. The units of measurement are W/m2K. The better-insulated a structure is, the
lower the U-value will be. Workmanship and installation standards can strongly affect the
thermal transmittance. If insulation is fitted poorly, with gaps and cold bridges, then the thermal
transmittance can be considerably higher than desired. Thermal transmittance takes heat loss due
to conduction, convection and radiation into account.

Calculating U-value:

The basic U-value calculation is relatively simple. In essence, the U-value can be calculated by
finding the reciprocal of the sum of the thermal resistances of each material making up the
building element in question. Note that, as well as the material resistances, the internal and
external faces also have resistances, which must be added. These are fixed values.

There are a number of standards that cover calculation methods for thermal transmittance. These
are listed in the Useful links and references section at the end of this article.

Simple U-value calculations can be made in the following way, by considering the building
element’s construction layer-by-layer. Note, however, that this does not account for cold
bridging (by wall ties for example), air gaps around insulation, or the different thermal properties
of e.g. mortar joints. This example considers a cavity wall:
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Resistance =

Conductivity Thickness + conductivity

Material Thickness

(k-value) (R-value)
Outside surface — — 0.040 K m?#/W
Clay bricks 0.100 m 0.77 W/m-K 0.130 K m#/W
Glasswool 0.100 m 0.04 W/m-K 2.500 K m?/W
Concrete blocks 0.100 m 1.13 W/m-K 0.090 K m?/W
Plaster 0.013m 0.50 W/m-K 0.026 K m?/W
Inside surface — — 0.130 K m?#/W
Total 2.916 K m3/W
U-value = 1+2916= 0.343 W/m2K

Table 4.8 Material U-value (5)

Note that in the above example, the conductivities (k-values) of building materials are available
in the Appendix; in particular from manufacturers. In fact, using manufacturer data will improve
accuracy, where specific products being specified are known at the time of calculation. Although
it is possible to allow for mortar joints in the above calculation, by assessing the % area of
mortar relative to the blockwork bedded in it, it should be borne in mind that this is a crude
technique compared with the more robust method set out in BS EN ISO 6946i.

Measuring U-value:

Whilst design calculations are theoretical, post-construction measurements can also be
undertaken. These have the advantage of being able to account for workmanship. Thermal
transmittance calculations for roofs or walls can be carried out using a heat flux meter. This
consists of a thermopile sensor that is firmly fixed to the test area, to monitor the heat flow from
inside to outside. Thermal transmittance is derived from dividing average heat flux (flow) by
average temperature difference (between inside and outside) over a continuous period of about 2
weeks (or over a year in the case of a ground floor slab, due to heat storage in the ground).
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The accuracy of measurements is dependent on a number of factors:

Magnitude of temperature difference (larger = more accurate)

Weather conditions (cloudy is better than sunny)

Good adhesion of thermopiles to test area

Duration of monitoring (longer duration enables a more accurate average)
More test points enable greater accuracy, to mitigate against anomalies

Two complicating factors that can affect the thermal transmittance properties of materials
include:

Ambient temperature, due to latent heat among other factors
The effects of convection currents (increased convection contributes to heat flow)
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5. Building simulation with eQUEST in Abu Dhabi:

This chapter presents the data used for the simulation of the building with the software
eQUEST in Abu Dhabi (Cooling systems). It is a description of the building in terms of
architectural design and separate thermal zones.Also mentioned building materials of the outer
and inner walls, ceiling and ground.Also given all the information necessary for internal loads
and HVAC systems for the building.

With the same way that we simulated the first house in Canada, we simulate this one but it is
located in Abu Dhabi, and with other Specialties. They both have the same area, but this one is
made with a different way of construction, different material, and different exterior color. And
because this one is located in a hot country, it didn’t need a heating system for the winter; we
just used a cooling system that will be shown in the next pages.

5.1 Building shell

In the next two pictures (fig 5.1 and 5.2) we will see the front and back view of the house in Abu
Dhabi simulated on eQUEST.

Fig 5.1 Front view of the house in Abu Dhabi
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Fig 5.2 Back view of the house in Abu Dhabi

And as we just said in the introduction of the chapter, that we just have a cooling system, we’ll
show you what systems dud we used and how it is shown on eQUEST (Fig 5.3)

We used for space cooling a chiller (EIRecipHErm) with chilled water loop and multiple coils,
and for hot water we used a DHW plant 1 res loop.
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DHW Plant 1 Res Loop (1)

Fig 5.3 Cooling system and hot water plant on eQUEST
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5.2

Consumption:

210 MopaKkATW Slaypappa (oxnua) daivetal n evepyelakn KAtavaAwaon ylo OAOUG TOUG
UNAVEG TOoU €ToUuG yla To Abu Dhabi. Qaivetat 6Tl To peyoAUTEPO UEPOG TNG NAEKTPLKAG
Katavalwong damavatal yla to KAotiopd (space cooling). ISlaitepa toug Beplvoug
UNVEG N KATAVAAWGN PEVHATOC yla KAAuyn tou doptiou Tou KALATIoHOU EEmépva TO
50% tng ouvoAwkng katavailwong. Emiong ta Aoutd mood NAEKTPLKAG KATAVAAWONG
apapévouv mepinou otabepd katd T Sldpkela Tou €touc. Efaipeon amotelel to
doptio avavéwaong tou agpa (ventilation) to omoio aufavel katd Toug Beplvolg UNVEG
OTIOU aralteital peyaAUTEPN OVAVEWON TOU OEPQL.

&7

5|

_q L

3.

1 .

1 -

Aimimimisinisininisinii

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Fig 5.4 Electric consumption per month (MWh)

[] Area Lighting ] Exterior Usage B water Heating [] Refrigeration
B Task Lighting B Pumps & Aux. B Ht Pump Supp. B Heat Rejection
B Misc. Equipment B Ventilation Fans @ Space Heating B Space Cooling
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O endpevog mivakog divel avaAUTIKA TLG ETILULEPOUG KATOVAAWOELG. MO0 CUYKEKPLUEVQ, N ETHOLA

Katavalwaon evépyelag eivat 46MWh, n onola empepiletal we €€n¢: 22 MWh yla KAlpatiopo, 4
MWh yia mapaywyn {eotol vepou xpriong, 3 MWh yia tov agplopd tou Ktpiou, 9 MWh yia tn
Aewtoupyia cuokevwy, 5 MWh yla pwtiopd kat 2 MWh yia ta Aownd cuotripota (avtAleg, KAm).

Table 5.1 Electric consumption (MWh)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mow Dec Total

Space Cool 0.50 0.65 1.06 1.52 2.23 2.58 2.09 3.20 2.85 2.17 1.43 0.74 22.01
Heat Reject. : = E - = - - = - = = = E
Refrigeration - - - - - - - - - - - - -
Space Heat = 5 = : 5 = : : = = 5 3 =
HPF Supp. - - - - - - - < - - - = <
Hot Water 0.39 0.37 0.42 0.40 0.36 0.31 0.27 0.25 0.24 0.27 0.29 0.35 3.91
Vent. Fans 0.19 0.19 0.20 0.23 0.31 0.34 0.39 0.41 0.37 0.32 0.24 0.20 3.38
Pumps & Aux. 0.18 0.16 0.18 0.17 0.18 0.17 0.18 0.18 0.17 0.18 0.18 0.18 2.12
Ext. Usage - - - - - - - - - - - - -
Misc. Equip. 0.76 0.58 0.76 0.73 0.76 0.73 0.76 0.76 0.73 0.76 0.73 0.76 8.91
Task L.ghts - - - - - - = - - - - - -
Area Lights 0.456 0.42 0.46 0.44 0.46 0.44 0.46 0.46 0.44 0.46 0.45 0.46 5.42
Total 2.48 2.48 3.08 3.49 4.30 4.57 5.14 2.25 4.80 4.15 3.32 2.69 45.75

To enopevo oxnipa Sivel Tn pnviaio Katavalwaon NAEKTPLOUOU YLO KALLATIONO GV TT0C00TO TNG
OUVOALKAG pnviaiag Katavalwaong NAEKTPLOHOU TOU KTLpiou.

100%

Q0%

80%

70%

0%

Total electric
50% consum ption

A0% Space cool
30% / \
20%

10%

‘:‘% T T T T T T T T T T T 1
lan Feb MarApr May Jun Jul Aug Sep Oct Mowv Dec

Fig 5.5 Space cool % of total electric consumption
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5.3 Costs:

In this part we did a little research about prices of electricity in Abu Dhabi, and as conclusion we
managed to calculate the economics costs of space cooling for the house we simulated on eQuest.

So as we can find Table 5.1 the total cost for electric use in space cooling is 22.01 MWh, and as
shown in Table 5.2 the electrical cost is 0.21 AED/kWh. By converting it to USD, the annual

cost of electricity for space heating is 1258.42 $ per year.

And by that we calculated approximately the total costs per year for space Cooling for the

house we simulated on eQUEST in Abu Dhabi.

Table 5.2 electrical costs in Abu Dhabi per kWh (6)

City / Nation Water per 1,000 litres

Electricity per kWh

Kuwait Dh2.64 3 fils
Abu Dhabi Local: Dh1.7 5 fils
Expatriate: Dh5.95 21 fils
Saudi Arabia Dh0.29 5 fils
Oman Dh5.28 10 fils
Bahrain Local: 0.25 3 fils
Expatriate: Dh2.92 0.16 fils
Qatar Dh4 .4 8 fils

1 United Arab Emirates Dirham equals

0.27 US Dollar

1 United Arab Emii

027 US Dollar =

2012 2013 2014 2015 20186

Fig 5.3 currency convertor UAE to USD (7)
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6. Conclusions:

From the two examples we just did, the first one that was simulation of a house on eQUEST in a
cold place, in our example it was Calgary, Canada, so we can only have heating systems in the
house .The other one had been done in a hot country and in this example it took place in Abu
Dhabi, were we used only cooling systems.

After simulating the two houses that pretty much has the same area ,the same interior loads
and capacity of people living in it ,but there differences was the type of material used ,the
thickness of concert ,of insulation ,the outside color of the building ,and a lot of other things
that we already listed before detailed in each example, that plays a role in the building energy
and thermal performance depending on the place that is located on each house and the type of
weather that is there.

We came up with some results of the electric and gas needs of each house for heating, cooling,
area lightning, hot water and a lot of other stuff. But what most concerns us is the electric or
gas consumption for heating and cooling, so we took these two things from our previous results
and compares it.

Table 6.1 Gas consumption in Canada (Million Btu)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Space Heat 52.48 45.03 44.74 33.39 25.55 17.44 12.40 11.13 16.62 25.03 42.14 52.46 378.43
Canada
140

120 \‘ /
100 /

Dollars (S)
/
//
N\
\\

N
o

o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig 6.1 Expenses for space heating in Canada (S)
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Table 6.2 Electric consumption in Abu Dhabi (MWh)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Space Cool 0.50 0.65 1.06 1.52 2.23 2.58 3.09 3.20 2.85 2.17 1.43
Abu Dhabi
200
180 —
140
v 120 / \
£ 100 / N\
2 5 / AN
60 / \
40 yd AN
/
20
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Fig 6.2 Expenses for space cooling in Abu Dhabi (S)
Expenses
200
180
160
140
= 120 A
‘_ﬂu 100 - B Canada
8 8o - = Abu Dhabi
60 -
40 -
20 -
0 .
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig 6.3 Comparing expenses in Canada and Abu Dhabi (S)
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So as we can see in the charts, by converting the expenses to dollars so it can be compared, and
putting it in a same chart we can see that total expense is nearly the same .the expenses in
Canada are high in the winter seasons and the opposite in Abu Dhabi the expenses are high in
the summer seasons which is expected.

After doing some researches, we found that in Canada, their houses are constructed in a way
that they add more thickness to the insulation more than other countries and precisely hot
countries, on the other side hot countries add more thickness of concert than cold countries.

The main difference between the results of these two studies is that in the cold country was
mostly for cooling systems which is for natural gas, and in other case was for cooling which is
electrical expenses, as for the others expenses for space lightning and miscellaneous
equipment, it was approximately the same.

The other difference was expenses per months, which was exactly the opposite in each case,
because of the different climate in each place, were we had cooling systems the expenses was
high in summer and low in winter, and the opposite in the building which has heating systems
only.
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APPENDIX:

Material table

. Densi Specific heat | Thermal conductivity
| Material (kg/ ml?; (kJ/kgK) (W/m-K)
Burnt brick 1820 0.88 0.811
Mud brick 1731 0.88 0.750
Dense concrete 2410 0.88 1.740
RCC 2288 0.88 1.580
Limestone 2420 0.84 1.800
Slate 2750 0.84 1.720
Reinforced concrete 10920 0.84 1.100
Brick tile 1802 0.88 0.798
Lime concrete 1646 0.88 0.730
Mud phuska 1622 0.88 0.519
Cement mortar 1648 0.92 0.719
Cement plaster 1762 0.84 0.721
Cinder concreta 1406 0.84 0.686
Foam slag concrete 1320 0.88 0.285
Gypsum plaster 1120 0.96 0.512
Cellular concrete 704 1.05 0.188
AC sheet 16520 0.84 0.245
&l sheet 7520 0.50 61.060
Timber 480 1.68 0.072
Plywood 640 1.76 0.174
Glass 2350 0.88 0.814
Sand 2240 0.84 1.740
Expanded polystyrene 34 1.34 0.035
Foam glass 160 0.75 0.055
Foam concrete 704 0.92 0.149
Rock wool (unbonded) 180 0.84 0.043
Mineral wool (unbonded) 73.5 0.92 0.030
Glass wool (unbonded) 189 0.92 0.040
Resin bonded mineral wool ag 1.00 0.036
Hesin bonded glass wool 24 1.00 0.036
Asbestos mill board 1307 0.84 0.249
Hard board a79 1.42 0.279
Straw board 310 1.30 0.057
Soft board 249 1.30 0.047
Wall board 262 1.26 0.047
Chip board 432 1.26 0.067
Particle board 750 1.30 0.098
Coconut pith insulation board 520 1.09 0.060
Jute fibre 329 1.09 0.067
Wood wool board 674 1.13 0.108
(bonded with cement)
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Polyurethane foam (PUF) 30 1.570 0.026
Polyvinyl chloride sheet 1350 1.255 0.160
Cork tile 540 1.00 0.085
Plastic tile 1050 1.07 0.50
PVC asbestos tile 2000 1.00 0.85
Gypsum plasterboard as0 0.82 0.16
Brown cellulose fibres 37-51 1.35 0.045
Thatch (read) 270 1.00 0.09
Thatch (straw) 240 1.00 0.07
Acoustic tile 200 1.34 0.058

Fig.1 PROPERTIES OF BUILDING MATERIALS

Surface Emmisiuity or Absorptivity ﬁeﬂemiuity
(Low temperature (Solar (Solar
radiation) radiation) radiation)
Aluminium, bright 0.05 0.20 0.80
Asbestos cement, new 0.95 0.60 0.40
Asbestos cement, aged 0.95 0.75 0.25
Asphalt pavement 0.95 0.90 0.10
Brass and copper, dull 0.20 0.60 0.40
Brass and copper, polished 0.02 0.30 0.70
Brick, light puff 0.90 0.60 0.40
Brick, red rough 0.90 0.70 0.30
Cement, white portland 0.90 0.40 0.60
Concrete, uncoloured 0.90 0.65 0.35
Marble, white 0.95 0.45 0.55
Paint, Aluminium 0.55 0.50 0.50
Paint, whita 0.90 0.30 0.70
Paint, brown, red, green 0.90 0.70 0.30
Paint, black 0.90 0.90 0.10
Paper, white 0.90 0.30 0.70
Slate, dark 0.90 0.90 0.10
Steel, galvanized new 0.25 0.55 0.45
Steel, galvanized weathered 0.25 0.70 0.30
Tiles, red clay 0.90 0.70 0.30
Tiles, uncoloured concrate 0.90 0.65 0.35

Fig.2 AVERAGE EMISSIVITIES, ABSORPTIVITIES AND REFLECTIVITIES OF SOME
BUILDING MATERIALS.
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