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Abstract. Window design has a significant impact on heating and cooling energy demand due to the fact that it
causes a large part of heat loss or heat gain that enters through the building envelope. The critical issue is how to
design windows that minimize heat gain in summer and heat loss in winter. The study aims to examine the impact
of orientation, size, and thermal properties of the glass material of windows on heating and cooling energy
demand. A parametrical study is carried out using “IES virtual environment” and “ECOTECT” software to
estimate the effect of these three parameters on a typical residential building and room models in the climatic
conditions of the Gaza Strip. It has been concluded that the appropriate window design of the Gaza Strip buildings
in accordance with the environmental conditions can effectively lead to reduce the energy demand and to meet the
requirements of thermal comfort. It is also found that the optimal window size for all facades is the minimum
percentage of (10%) from the total wall area. The direct impact of south window is considered the worst, as it
causes the large energy consumption. In addition, the study emphasized that using advanced glazing materials with
low U-value is an important factor in reducing the energy demand.

winter. Although it presents a small area of the
building, it has the greatest effect on heat flow than
walls, ceilings, and floors of the building. Therefore,
it is considered as one of the important elements that
affect the building energy consumption.
In general, the thermal performance of a
window can be basically specified by three factors,
which are the thermal transmittance (U-value), total
solar energy transmittance (g-value), and air leakage
(L). These factors describe all amounts of heat flow
through a window (Urbikain, 2009). According to
Werner (2007), the U-value is the heat transfer rate
per temperature difference between the inside and the
outside of the window per square meter, and it is
measured by the unit of (W/m2K). The g-value is the
total solar energy transmittance through a window, it
is also called the solar heat gain coefficient, and it is
measured from 0 to 1 unit. Air leakage increases the
thermal performance of a building by the incoming
air which may heat or cool the indoor air temperature
(Urbikain, 2009).
Among these factors, the solar gain entering
through a window represents the largest source of

1. Introduction
Because buildings are one of the most significant energy
consumers, there is a tendency all over the world to
reduce their energy consumption through design
buildings that consume low energy as energy efficient
building design. According to Jaber (2011), there are
mainly two factors that determine the efficiency of
energy consumption in buildings. The first factor is the
building design including location, layout, structure and
building materials. The second factor is the patterns of
building use. This study considers the first factor with a
focus on the impact of windows design on the annual
heating and cooling demand.
The window is an important element in the
building envelope as it performs several functions,
which include supplying of daylight, providing
outside views, and acting as a part of the natural
ventilation system. In addition, it can play an
essential function in the architectural appearance of
the building (Jonsson, 2010). However, the window is
considered the weakest thermal link in a building
envelope for heat gain in summer and heat loss in
1
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heat gain, hence increases the indoor temperature
above the outdoor air temperature. This increase
occurs through greenhouse effect when the radiant
heat is trapped inside the building by window glasses
(Ingersoll, 1979). Windows are also responsible for
about 25-30% of the heat loss in a building because
window glazing is a poor insulator (Halder, 2007).
According to Ingersoll (1979), beside shading devices
there are three parameters that determine the amount
of heat gain and heat loss through windows, which
are the window to wall area ratio (WWR), the
window orientation, and the thermal properties of
glass material. This study focuses on these three
parameters to design windows according to heating
and cooling requirements of summer and winter.
Many previous studies have examined the
effect of window design on buildings thermal
performance, with the aim of finding out the optimal
parameters for efficient use of energy. For example,
Monna and Masera (2010) examined the effects of
windows wall ratio and orientation design alternatives
on comfort and energy efficiency using computer
simulation programs. The study focused on office
buildings in a hot, arid climate. The study concluded
that the large glazing areas are possible at north, and
efficient shade can be provided for south facade, and
special screening technologies and glass are needed
beside a windows/wall ratio consideration in summer
for east and west facades. Another study of Persson,
et al. (2006) investigated how decreasing the window
size facing south and increasing the window size
facing north in the low energy houses would
influence the energy consumption and maximum
power needed to keep the indoor temperature
between 23°C and 26°C using the DEROB-LTH
simulation tool. The results showed that the size of
the energy efficient windows does not have a major
influence on the heating demand in the winter, but is
relevant for the cooling need in the summer. This
indicated that instead of the traditional way of
building passive houses, it is possible to enlarge the
window area facing north and get better lighting
conditions. In addition, Jaber and Ajib (2011)
discussed an assessment of the best orientation of the
building, windows size, thermal insulation thickness
from energetic, economic and environmental point of
view for typical residential building located in the
Mediterranean region. The results showed that about
27.59% of the annual energy consumption can be
saved by choosing the best orientation, optimum size
of windows and shading device, and optimum
insulation thickness. Also, Binarti (2009) employed
the four factors of shading device, window to wall
ratio, window height, and glazing in designing an

energy-efficient window for classroom to reduce the
energy consumption for supplemented lighting and
mechanical ventilation. The method was based on
ECOTECT simulations under some parameters, i.e.
heat gains through the building fabrics, illuminance
level, and daylight factor. The study concluded that
projected clerestory is the most energy-efficient
window design. It should be applied on classroom
with considering the Window to Wall Ratio, the
clerestory height to room height ratio, the window to
floor area ratio, and using low visible transmittance
of the view window glazing to achieve even
horizontal daylight distribution. Finally, Nasrollahi
(2009) studied the effect of window area and shading
devices on the energy consumption of office
buildings in the climatic condition of Tehran region.
Simulation is used for calculating the heating, cooling
and lighting energy consumption of office buildings
with different window areas. The simulated buildings
have the same constructional and architectural
characteristics and differ only in the window area and
the type of shading devices. The study showed that
for buildings with the same window ratio without
shading devices in all orientation, the optimum
window ratio for heating, cooling and lighting is
respectively 80%, 10% and 40%. For the reduction of
the total energy consumption, the optimum window
to wall ratio is 50%. In contrast, for buildings with a
different window ratio in different orientations, the
optimum window ratio for south-facing, north-facing
and east/west-facing facade is respectively 60%, 2030% and 10%. By reviewing these studies, it was
found that window to wall ratio, orientation, and
thermal properties of glazing are important factors in
determining building energy consumption. It was
noticed that the studies considered the energy demand
as an indicator to determine the optimum design of
window to wall ratio, orientation, and thermal
properties of glazing. In addition, it has been noticed
that the computer programs are commonly used as an
effective simulation tool in most of the studies. Also,
it was noticed that the focus of the studies is different
according to building type and climate conditions,
therefore these two factors should be taken into
account to limit the study area.
In the Gaza Strip, it is observed that there is a
variation between buildings in size and shape of
windows. Also in one building, it is noticed that all
facades have the same size of a window. In addition,
windows in some buildings are leaved without shading
devices. Generally, this means that architects pay more
attention to the aesthetic and architectural aspects
during the design stages than the environmental
aspects. On the other hand, there is a considerable

Journal of Architecture and Planning, Vol. 27 (1), Riyadh (2015/1436H.)

increasing in the consumption of electrical energy,
which is required for running artificial systems.
Therefore, this study aims to examine how the
considered design of windows in accordance with the
local environmental conditions of the Gaza Strip can
contribute to reduce the energy demand.
2. The Study Parameters
This study mainly investigates the residential
buildings in the Gaza Strip that consumes the largest
part of energy, which is estimated according to
Muhaisen (2007) to be (70%) of the total amount of
energy consumption. It focuses on the one-storey
residential building. The most common structural
system of these buildings are often built with
contemporary materials, mainly reinforced concrete.
The walls are made of concrete hollow blocks, while the
windows are single-glazed with an aluminum frame. In
addition, the study concentrates on the climate
conditions of the Gaza Strip, which is characterized by
its location in a hot humid region, specifically on
longitude 34° 26' east and latitude 31° 10' north.
2.1. Simulation tools
Among several tools which are used to
simulate the energy performance of buildings, this
study will mainly use two simulation tools which are
Integrated Environmental Solutions (IES) virtual
environment program and ECOTECT program.
ECOTECT is a software package with a unique
approach to conceptual building design. It couples an
intuitive 3D design interface with a comprehensive set
of performance analysis functions and interactive
information displays. ECOTECT offers a wide range of
internal analysis functions which can be used at any time
while modeling. These functions provide almost
instantaneous feedback on parameters such as sun
penetration, potential solar gains, thermal performance,
internal light levels, reverberation times and even fabric
costs (Marsh, 2003). ECOTECT has the ability to
calculate the total amount of solar radiation falling on
selected surfaces for each month of the year. Geometric
overshadowing, reflective effects and available radiation
are calculated separately for each day within the month.
ECOTECT is based on the CIBSE steady state
methods. The steady state method used to design the
building analyzed is based on the CIBSE admittance
method. This method uses idealized (sinusoidal) weather
and thermal response factors (admittance, decrement
factor and surface factor) that are based on a 24-hour
frequency. The admittance method was originally
intended to calculate peak internal temperatures in
buildings to ensure that it would not become
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uncomfortably hot during sunny periods. The
admittance method is also used for the estimation of air
conditioning plant capacity to maintain constant air
temperatures in buildings (Beattie and Ward, 2012).
The <Virtual Environment> is an integrated
suite of applications linked by a Common User
Interface (CUI) and a single Integrated Data Model
(IDM). This means that all the applications have a
consistent “look and feel” and that data input for one
application can be used by others. These applications
have modules such as “ApacheSim” for thermal
simulation, “Radiance” for lighting simulation, and
“SunCast” for solar shading analysis. “ModelIT” is the
application used for the input of 3D geometry used to
describe the model VE-Pro User Guide - IES Virtual
Environment 6.4 (2011).
Simulations were carried out in El-Arish
weather file during the months of January–December.
Local latitude is 31.08 N, longitude 33.82 E and the
elevation is approximately 32 m above sea level. The
HVAC system was assumed to be full air conditioning
with the heating and cooling set point were assumed to
be 18.0°C and 26.0°C respectively. Use of buildings
(hours of operation) was assumed to be continuous. As
the study focuses on the incident solar radiation as one
of the most important variables in the Mediterranean
climate affecting the heating and cooling energy
consumption, the internal heat gain from occupancy
and appliances as well as the ventilation heat gain
weren’t considered in the study.
External walls have U-values of 1.77 W/m2K
in ECOTECT and 1.9487 W/m2K in IES. The roof Uvalues are 0.896 W/m2K in ECOTECT and 0.9165
W/m2K in IES. Glazing U-values are 6 W/m2K in
ECOTECT and 5.5617 W/m2K in IES. The values of
Thermal Transmittance, U-value for walls, roof and
floor were assumed to achieve the minimum
requirements of the maximum U-values as
recommended by the Palestinian code for energy
efficient building. See Appendix 3 for details of
default settings for the two programs. For solar
radiation calculations, ECOTECT uses hourly
recorded direct and diffuse radiation data from the
weather file (*epw).
2.2. The climactic conditions of the Gaza Strip
The Gaza Strip is considered a transition zone
between the coastal area wetlands (Negev desert in the
south-east) and the dry desert region (Sinai desert in the
south-west). It is located in a hot humid region on
longitude 34° 26' east and latitude 31° 10' north. Winter
in the Gaza Strip area is rainy and mild, while summer is
hot and humid, and extends over longer periods of the
year. Rain is the main source of water in the Gaza Strip
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as it provides the underground water reservoir with
water. Annually, the amount of rain in the Gaza Strip is
between 100-130 million m3 (PEA, 2011).
Figures 1-4 present the annual average of
temperatures (C), relative humidity (%), wind speed
(m/s), and solar radiation (MJ/m2/day) in the Gaza
Strip climate. It is noticed that the average daily of
maximum temperature ranges from 19-27°C, and the
minimum temperature from 11-21°C in summer and
winter respectively (PEA, 2011). The relative
humidity fluctuates between 65-85% in summer, and
between 60-80% in winter. The prevailing winds in
the Gaza Strip is northwesterly in summer with a
variable speed reaching (3.9) m/s during the
afternoon, while it is southwesterly in winter and the
speed increases up to (4.2) m/s (MLG, 2004).
According to PEA (2010), the Gaza Strip has a
relatively high solar radiation. It has approximately
(286) annual sunshine-hour throughout the year. The
daily average solar radiation on a horizontal surface is
about (222) W/m2 (7014 MJ/m2/yr).
2.3. Description of the model
To find out the effect of window design on
energy performance, two models will be simulated in
the study using ECOTECT and IES VE energy
simulation software. The first model is a typical
residential building located in the Gaza Strip region

consisting of one storey with a single apartment (Fig.
5). The second, is an isolated room model, as shown
in Fig. 6.
Because there are many types of residential
buildings in the Gaza Strip such as one- or twostorey, multi-storey with a single apartment, multistorey with multiple apartments, and tower buildings,
it is difficult to consider all of them in this study. The
multi-storey buildings are considered the most
common buildings in the Gaza Strip. However, the
selected model is common in terms of spaces
distribution in each apartment and window size. As
shown in Fig. 5, the plan of the selected building
model takes a rectangular form. Its longer axis is lied
along east-west direction. It contains the stair case
that leads directly to the guest room and the living
room, three bedrooms, kitchen, bath and guest toilet.
The geometry of the model is taken as: (9.5 m) width,
(15 m) length, and (3 m) height from floor to ceiling.
The total floor area is (142.5 m2). The overall window
area from this floor area is about (04%), (02%),
(04%), and (03%) for south, west, north, and east
façade respectively, whereas the overall window area
is about (11.6%), (9.1%), (11.6%), and (12.7%) from
south, west, north, and east façade area respectively.
The considered window sizes in the model are listed
in Table 1, as they are commonly used in the Gaza
Strip buildings.

Fig. 1. The annual average of temperatures (C).

Fig. 2. The annual average of relative humidity (%).

Fig. 3. The annual average of wind speed (m/s).

Fig. 4. The annual average of solar radiation (MJ/m2/day).

The climatic elements of the Gaza strip
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Fig. 5. The ground floor and the perspective of building model.
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Fig. 6. The ground floor and the perspective of room model.
The two simulated models
Table 1. The different sizes of windows in the model
Window size 1
Window size 2
Window size 3
Window size 4

Width (m)
2.0
1.6
1.0
0.6

Height (m)
1.0
1.0
1.0
0.7

Sill Height (m)
1.0
1.0
1.0
1.3

Although the previous residential building is
suitable to study the effect of windows on overall
energy consumption in a typical building as a case
study, it is difficult to use it in determining the exact
impact of specific window parameters in each façade
because of the existence of other windows on all
facades. In order to study the direct effect of single
window on the cooling and heating loads, an isolated
room model is selected. As shown in Fig. 6, the
geometry of this room is chosen as: (4 m) width, (4 m)
length, and (3 m) height. The room had one window in
the south façade with (1.6 m) width, (1 m) height.
3. Results and Discussion
Both models of buildings are simulated using
ECOTECT and IES VE software in the Gaza Strip
conditions to select the optimal orientation, size, and
glass material for windows. The optimal design
defined here is that at which the building has a
minimum energy requirement, the total value of
heating and cooling energy demand that is needed to
provide the thermal comfort throughout the year is
calculated and taken as an indicator of energy

consumption rate. This comfort level is assumed to
range from 18-26°C. The following sections illustrate
and discuss the results of simulation for building and
room models.
3.1. Orientation
This investigation aims to examine the influence
of rotating the model on heating and cooling energy
demand to find out the optimal orientation angle. The
south facade is set as a reference to rotate the model.
The orientation angle is changed from (90° to –90°)
in 10 steps as presented in Fig. 7. Then, the total
amount of heating and cooling energy required is
calculated at each case.
3.1.1. For building model
Figure 8 shows a comparison between the
ECOTECT and IES VE results for building model.
According to IES VE results, it is clear that the total
energy needed in both heating and cooling is the
lowest when the orientation angle is zero. This means
that orienting the long axis of the building along the
east-west axis is the best orientation for energy
saving. It is also seen that between 0° to –90°
orientation, the maximum energy demand is occurred
at an angle of (–70°), 30° from west to south. While
from (0-90°) orientation, the maximum energy
demand is achieved at an angle of (60°), 40° from
east to south. This means that the worst orientation
occurs at these two angles.
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Fig. 7. Changing the orientation of south facade from 90° to –90° in 10 steps.

Fig. 8. The overall energy demand at different orientation angles in building model.
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The results of the simulation carried out using
ECOTECT show a good agreement with the results of
IES VE. Both results confirm that the lowest cooling
and heating loads can be obtained at zero orientation
angle, whereas the highest cooling and heating load
can be obtained at (–70°) and (60°) angles. This
validates the results and confirms their reliability. It is
also observed that there is a difference between the two
simulations in the total energy load. This is returned to
the difference in the thermal properties of construction
materials considered for the models and in each
program. Based on previous results, it can been
concluded that orienting the long south façade, which
contains the large number of windows directly to the
south, causes less energy consumption than deviating it
to west or east. This is influenced mainly by two
factors, the first is the variation in window positions,
according to the orientation angle, in relation to solar
radiation. The second is the variation in solar radiation
intensity which is received by these windows
according to sun azimuth and altitude angles.
3.1.2. For room model
The isolated room model is also investigated by
rotating it from (+90° to –90°) in 10° as presented in
Fig. 5. The results of simulation is illustrated in Fig 9.

Fig. 9. The overall energy demand at different orientation
angles in room model using IES VE.

It is seen that orienting the south window 10°
from south to west is the best direction, whereas the
maximum energy loads is obtained at east direction
with angle of 90°. Although the energy load of west
direction at –90° angle is also considered high, its
value is relatively less than east direction. In addition,
it is seen that the curve of energy load from south to
east increases approximately at a steady rate with
(3%), while this rate from south to west is (2%).
The results of both models confirm that the
lowest cooling and heating loads can be obtained at
zero orientation angle. In conclusion, it is found that
the long axis of the selected building model should be
elongated along the east-west direction, as it causes

the low energy consumption. This indicates that the
large dimensions of a building should preferably face
north and south, because these elevations receive the
lowest heat loads from solar radiation. The results
also indicate that the windows of east and west
facades cause the large energy consumption.
Therefore, using windows in these elevations should
be minimized as possible or installed with shading
devices. As one of the available solutions, placing
unnecessary spaces which don’t need a high level of
daylight such as stairs and stores can effectively help
in achieving less window percentage in these west
and east elevations.
3.2. Windows size
The second parameter which is investigated in
the study is the window size. The aim is to examine
the impact of changing window percentage on
heating and cooling energy demand and to find out
the optimal size. The different window sizes from the
total façade which are selected between 10% to 90%
are illustrated in Fig. 10. As in the orientation
parameter, heating and cooling energy demand is
considered as an indicator of energy saving, and it is
estimated for all elevations at each ratio. Beside size,
a comparison between the horizontal and the vertical
shapes is carried out to examine their effect on the
thermal performance.
3.2.1. For building model
Both results of ECOTECT and IES VE for
building model are presented in Fig. 11. The result of
IES VE on the left clarifies that for all facades
increasing the window size by 10% leads to
increasing the energy load approximately at a steady
rate, however the value of this rate differs from one
façade to another. It is about 30%, 12%, 10%, and
15% for south, west, north, and east façade
respectively. The ECOTECT results on the right
largely show a considerable agreement with IES VE
output. The two simulations confirm that increasing
the window percentage leads to increase energy loads
linearly and rapidly, so the output of simulation can
rely on it.
It can be concluded that the optimal
percentage of windows for all facades at which the
selected building model has a minimum energy load
is the least size of (10%). In addition, the impact of
each facade on energy consumption can be ordered as
south, east, west and north facade respectively from
the high to the low effect. For example, at 90% size,
the total annual heating and cooling energy is (20.3
MWh), (12.6 MWh), (10.9 MWh), and (13.5 MWh)
for south, west, north, and east façade respectively.
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The south façade causes the most considerable effect
on energy consumption, so determining its window
size should be done carefully. Besides the reason of
solar radiation amount received by each elevation, the
variation in the effect of the four facades on the
required energy is also influenced by the difference of
the overall window area in each façade.
The previous simulation is carried out for
windows with a horizontal shape as shown in Fig. 10.

9

The vertical shape is also simulated to examine the
impact of changing the shape beside the size on
thermal performance of windows (see Fig. 12).
The results in Fig. 13 show that both shapes
cause the same effect on energy loads. Thus,
changing the direction of window long axis has no
significant effect on the building thermal
performance.

Fig. 10. Window to wall area ratio used in building and room simulations.

Fig. 11. The overall energy demand at different windows size in building model.

Fig. 12. (a) horizontal shape and (b) vertical shape of (20%) window size.
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Fig. 13. Comparison between the horizontal and vertical shape at different windows size in building model using IES VE.

3.2.2. For room model
The different window sizes ranged between
10-90% of the total façade area as shown in Fig. 10
were also investigated in the room model to examine
the impact of each façade on the required energy
loads. The results of this simulation is presented in
Fig. 14.

Fig. 14. The overall energy demand at different windows size
in room model using IES VE.

As in the building model, it is seen that the
direct impact of increasing window size in each
facade by 10% raises the energy load approximately
at a steady rate with linear trend. This rate is 44% in
the south façade, 16% in the west façade, 12% in the
north façade, and 14% in the east façade. It is clear
that the large consumption is caused by the south
façade, whereas the lowest is caused by the north
façade. The cause of this difference is the variable
amount and intensity of solar radiation which enters
through facades.
In the light of the previous two simulations of
the building and room models, it can be emphasized
that the optimum window size for the four facades is
the minimum percentage of size. It is also found that
the impact of elevations from high to low impact on
energy consumption is south, east, west and north
facades respectively. Thus, these considerations

should be taken into account in the early design stage
of windows.
3.2.3. Daylight factor
Although minimizing the window size as
much as possible ensures low energy load, it may
be unacceptable to provide the required natural
light. To investigate the impact of window size on
the average of received natural daylight level, eight
scenarios summarizing all possible alternatives of
window positions in the room are selected as
shown in Fig. 15.
The appropriate illuminance level is not an
absolute value, but it is differed according to the
type of the activity in the space. This study
examines the residential type of spaces, so the
level is considered between (100 to 300 lux) as an
acceptable range of light. Figure 16 shows the
simulation results of the eights scenarios for both
horizontal and vertical shapes.
The table shows that the minimum size of 10%
provides a sufficient daylight for most scenarios
which are (No. 1, 2, 3, 4, 6 and 7). For scenarios (No.
5) and (No. 8), all examined sizes give over the
acceptable range of light, therefore these two
scenarios should be avoided in window design as it
causes a glare that affects visual comfort. For
example, the required range of natural light in
scenario (No. 1) for both horizontal and vertical
shapes can be obtained by the same size of (10%).
Thus, it should be considered the best size for this
scenario. Table 2 gives a summary of the optimal size
for the eight scenarios.
It can be concluded that using the least size of
10% offers the best option for visual comfort in the
most scenarios except (No. 5) and (No. 8). In
addition, it is considered the best option for energy
saving in building.
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Fig. 15. Eight possible alternatives of window position.

3.3. Thermal properties of glass material
The third parameter investigated is the thermal
properties of glass material. This factor also affect the
heat gain and loss through window. To identify the
relation between the energy consumption and the
thermal properties of window glass, six types of glass
materials are used in this simulation. The thermal
properties of these materials including U-values
(thermal transmittance), transparency and solar heat
gain coefficiency are listed in Table 3.
The annual heating and cooling loads of the
building model is estimated for the previous different Uvalues of glass materials. The results of both ECOTECT
and IES VE simulation are presented in Fig. 17.
It is obvious that the energy load decreases as
the U-value of glazing material is minimized. For
example, according to IES VE results, this saving
reaches to 19% by using glasses with U value (2.26)
instead of (0.6). Therefore, it can be concluded that
using advanced glazing materials with low U-value
leads to reducing the energy consumption of building
considerably.
4. Conclusion
The following is a summary of the conclusions
achieved by the study:











The energy simulation programs can be
considered as a reliable analytical method for
building energy research and for the evaluation
of architectural design in early stages.
The total heating energy needed to provide
comfort throughout the year in the climatic
condition of the Gaza Strip which is located in
hot humid region is greatly less than the
required cooling energy.
The appropriate window design in the Gaza
Strip buildings can effectively reduce the energy
consumption.
It has been found that the long axis of the
building should be elongated along the east-west
direction, as it causes the low energy
consumption.
It was found that the optimal window size for all
facades is the minimum percentage of (10%)
from the total wall area.
Increasing the window size by 10% leads to
increase
heating
and
cooling
energy
approximately at a steady rate with linear trend
in all facades. This rate is 44% for the south
window, 16% for the west window, 12% for the
north window, and 14% for the east window.
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Fig. 16. The average of daylight illuminance (Lux) for the eight scenarios at horizontal and vertical shapes in room model using IES VE.
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Table 2. The optimal size range for all scenarios which gives the required level of light
Optimum Size Range for
Description
Horizontal Shape
Scenario No. 1
South window
10%
Scenario No. 2
West window
From 10 to 20%
Scenario No. 3
North window
From 10 to 20%
Scenario No. 4
East window
From 10 to 20%
Scenario No. 5
South and west window
Over acceptable
Scenario No. 6
West and north window
10%
Scenario No. 7
North and east window
10%
Scenario No. 8
East and south window
Over acceptable
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Optimum Size Range for
Vertical Shape
10%
From 10 to 20%
From 20 to 40%
From 10 to 30%
Over acceptable
10%
10%
Over acceptable

Table 3. U-values, transparency and solar heat gain coefficiency of glass materials used in the simulation
U-Values (W/m2.k)
Transparency (0-1)
Solar Heat Gain Coeff. (0-1)
U1: Double glazed with timber frame, emissivity
2.26
0.92
0.75
of 0.10
U2: Double glazed with aluminum frame,
2.41
0.92
0.75
emissivity of 0.10
U3: Double glazed with timber frame
2.90
0.92
0.75
U4: Translucent skylight
5.00
0.81
0.78
U5: Single pane of glass with timber frame
5.10
0.92
0.94
U6: Single pane of glass with aluminum frame (no
6.00
0.92
0.94
thermal break)

Fig. 17. The total annual energy demand at different U-values in building model using ECOTECT.







The direct impact of the south window is
considered the worst as it causes the large
energy consumption, while the north window
causes the less impact.
It has been also found that the use of advanced
glazing materials with low U-value can play an
important role in reducing the energy
consumption.
Besides thermal comfort, it is found that the less
window size of (10%) from the total wall area
can also offer the best option in terms of visual
comfort. In contrast, using a large size above
10% should not be selected, because it causes
the glare that affects visual comfort.



The heating and cooling energy demand of
building is not influenced by the use of a
vertical shape window instead of a horizontal
shape. In addition, the study emphasized that
using advanced glazing materials with low Uvalue is an important factor in reducing the
energy demand.
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دراﺳﺔ ﺗﺄﺛﻴﺮ ﺗﻮﺟﻴﻪ وﻣﻘﺎس وﻣﻮاﺻﻔﺎت اﻟﺰﺟﺎج ﻟﻠﻔﺘﺤﺎت ﻋﻠﻰ
ﻣﺘﻄﻠﺒﺎت اﻟﺘﺪﻓﺌﺔ واﻟﺘﺒﺮﻳﺪ ﻓﻲ ﻣﺒﺎﻧﻲ ﻗﻄﺎع ﻏﺰة
** وﺣﺎزم رزق دﺑﻮر،*أﺣﻤﺪ ﺳﻼﻣﺔ ﻣﺤﻴﺴﻦ
 ،،אא،אא*
 ،،אאא**
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 Kאאאא،אא،אא:اﻟﻜﻠﻤﺎت اﻟﻤﻔﺘﺎﺣﻴﺔ
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