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A building envelope plays a key role in controlling the internal environmental conditions. The
evaluation of fagade designs for naturally ventilated residential buildings in the temperate and
humid climate of Iran was carried out to optimize facade design for energy saving. Firstly, the
common types of building materials were identified through a field study.In the next step, a
computer simulation was conducted to investigate the impact of fagade design parameters,
including U- values, window to wall ratio (WWR), the open able part of the window, and the
length of shading devices on buildings energy consumption The simulation results indicate that
the building envelopes constructed with Lightweight Steel Framed (LSF), 3D Panels, and
Autoclaved Aerated Concrete (AAC) blocks are more effective than the other investigated
materials, for reducing heating and cooling loads of the building. Using these materials can
reduce the energy consumption for heating and cooling by 45%. Large and unprotected
windows increase the building energy demands and require additional control devices.
Therefore, 25%WWR, with 300mm horizontal shading devices in four steps, light opaque
internal curtains, and windows with low emission glass parts that are closed during noon and
afternoon hot hours were suggested and analyzed for the studied climate.

doi: 10.5829/ijee.2021.12.03.10

INTRODUCTION

control the heat transfer, the selection of building
materials, windows, and opening design are essential

Consumption of energy in the building sector in Iran is
higher than the world average. Therefore, actions should
be taken to reduce heating and cooling energy used if the
country has to play a part in moderating the global
problem of climate change and preserving fossil fuel
resources [1]. Building envelopes as the primary
interfaces between the outside and inside space play a
fundamental role in controlling the environmental
conditions, providing comfort for occupants, and
determining the heating and cooling loads of the building.
Studies have indicated that external walls have the highest
thermal waste (29.8 %) compared to the other parts of a
building [2]. Envelope performance containing windows,
walls, and shadings, which affects the energy demands
and electric lighting as well as daylight [3]. Therefore, to

*Corresponding Author Email: nsadafi@pnu.ac.ir (N. Sadafi)

factors.

Several studies have calculated the thermal
performance of materials in various conditions. The
application of materials should consider the fact that
location, weather, and user behaviour affect the energy
performance of a building as well as the fagade properties
and design factors (building shape, volume and window
configuration). The main facade features associated with
energy performance are thermal quantities (e.g., u-value)
and solar heat gain quantities. The main concerns of
previous studies were either on particular building shape
or a specific climatic condition [4, 5].

Considering the design factors, building configuration
has been investigated as a factor affecting the annual
energy demands of a residential area in Malaysia [6]. The
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findings emphasized the effects of a building envelope
configuration such as shading and Window to Wall Ratio
(WWR) on annual energy demands. As an example of
considering the facade properties, the impact of external
envelope insulation on minimizing the energy
requirements have also been discussed in not only semi-
arid continentalregions such as Iran, but also cold regions
such as Estonia [3, 7]. According to the results, well-
insulated walls often reduce the building heating and
cooling loads, while they tend to increase construction
costs.

Naiji and Klaus [8] conducted residential building
energy simulations studying the effect of thermal mass,
total thickness, and weight of the wall surface unit on the
maximum heating and cooling loads of buildings located
in Tehran. They showed that thermal mass has higher
effects on reducing the heating and cooling loads of the
building in hotand dry climates. Sekhavatmand et al. [9]
evaluated multiple types of materials for the external
walls of buildings in Tehran using Energy Plus Software.
The results indicated that changing the materials from the
brick to the heblex, or three-dimensional (3D) panels can
reduce the thermal loads to about 35% and 44%,
respectively. Rezazadeh and Medi [10] studied the effects
of double skin facades on the thermal comfort of the
occupants in moderate and humid climate ofnorth of Iran.
The findings showed that these facades are more
appropriate for cold seasons, and it is essential to consider
a combination of natural ventilation and mechanical
systems to increase thermal comfort inside the building.

Windows also distinguish energy use and visual
comfort patterns in buildings. Choosing their material and
proportions is a part of a fundamental early design stage
decision, which is challenging to modify afterward.
Therefore, window design is a crucial process and must
be a part of an integral investigation process, considering
various aspects at the same time. The desired WWR has
been investigated to reduce the cooling, heating, and
lighting energy demands of an office building in the
Netherlands and Germany [11, 12]. The results indicated
that WWR between 35% and 45% could achieve
optimum configuration. At the same time, additional
control devices, including solar shading systems, should
be considered to achieve low energy consumption and
visual comfort. Poirazis et al. [13] studied the effects of
WWR, glazing type, shading, and orientation on
buildings’ energy consumption. They concluded that a
lower WWR would decrease the energy demands of the
building. A similar analysis was made by Motuzeine and
Joudis [14], and it was found that the optimal WWR was
between 20% and 40%, while in the cases with smaller
WWRs, there will be issues to fulfil daylight
requirements. Transparency is also an essential factor in
improving the utilization of daytime lighting [15].
Nasrollahi [1] simulated office buildings, studying
WWR, and different orientations and shadings in the hot
and dry climate of Iran. Based on the results, the optimal
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WWR for windows with and without external shadings
were 60 and 50%, respectively. The optimum length for
the shading was one-ninth of the window’s height.

Kosir et al. [16] studied optimizing building envelop
configuration in the European temperate climate. Design
parameters including building form, orientation, WWR,
and shading were investigated. According to the
simulation results, elongated building forms with larger
glazing portion and appropriate shading are more energy -
efficient than compact buildings with small or medium
glazing portion. In the countries with higher mean daily
temperatures, a decrease in windows U-value maximizes
the cooling energy requirements of a simulated room
[17]. On the contrary, investigations in some regions of
the warm parts of Asia, have shown the close relationship
between the low windows U-value and building energy
savings [18]. Studies by Thalfeldt et al. [3] and Skarning
et al. [19] considered both the thermal performance of
solar shading and the effect of the shading on daylighting,
visual comfort, or electricity usage for lighting in
residential buildings. Although the conducted studies
have shown that lowering WWR improves energy
efficiency, it reduces natural light. Therefore, it is critical
to set lower limits for window sizes.

Moolavi Sanzighi et al. [20] investigated the impacts
of design variants, on the indoor thermal comfort for case
studies in the temperate and humid climate of Iran. The
results showed that contemporary residential buildings
are not designed as efficient as traditional houses in this
area, in terms of passive energy-saving techniques. There
is a gap in detailded investigations about buildings’
thermal behavior and energy performance in the humid
and moderate climates of Iran. According to the
importance of sustainability issues in developing
countries, energy conservation should be considered
more seriously in all stages of construction development.
Therefore, this article investigated different assessments
and factors for building fagade design to evaluate the
influence on the heating and cooling energy requirements
of buildings via simulation. The aim is to evaluate the
most common available facade materials and openings
design in this region.

METHODS

To discuss the implications of a facade configuration on
the energy consumption of a residential building located
in a temperate and humid climate, athree-step method has
been developed.

The first step consisted ofa field study and analysis of
the local expert’s opinions about the characteristics of
common building materials. Second, a basic simulation
model was designed and tested within a specific built
environment. Third, the study of the energy performance
for curtain walls of the base model is performed. To this
end, the effects of fagcade common materials, dimensions
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and configuration of windows and design of shading
devices on total heating and cooling demands are
assessed.

Field study
A survey was conducted to identify and evaluate different
types of materials used in building envelopes in the North
of Iran. 52 experts participated in the survey, from which
30% were civil engineers, 20.3% architects, 20% building
developers, 23% structural engineers, and 6.7%
mechanical or electrical engineers. As far as their
education is concerned, 3% had a diploma, 3.3% held an
associate degree, 77.1% obtained a Bachelor's degree, and
16.6% completed postgraduate studies. In terms of
experience, 43.3% had one to five years of work
experience, 40% five to ten years, and 16.7% had more
than ten years of work experience. The questions of the
questionnaires were designed to collect the respondents’
assessment of the common materials concerning cost
efficiency, ease of application, accessibility, and quality.
According to the results, the hollow clay block was
introduced as the most popular material, by 60% of the
experts. The existence of factories in the studied area
provided costefficiency and easy access to this material.
Autoclaved Aerated Concrete blocks (AAC) were in the
second place of popularity, according to 46.6% of the
respondents. The principal mentioned positive features
were ease of implementation and structural style. In
addition, its porous structure had adequate thermal and
sound insulation after building construction. Three
Dimension (3D) panels had 43.3% of the expert’s
acceptance. The acoustic insulation caused by the middle
polystyrene layer reduces the weight of the panels.
Furthermore, they are easily accessible and cost-effective
thanks to the local factories. The Lightweight Steel Frame
(LSF) construction system is less popular among the
constructors despite the lightweight and efficient

Table 1. The results from field study and priorities of the
respondents

L Envelope
Priority material Reasons
- Cost efficienc
1 Hollowclay block Y
- Ease of access
- Ease of implementation
2 AAC - Structural style
- Acceptable thermal and sound
insulation
- Decreasing building’s dead load
- Cost efficiency
3 3D Panel
- Ease of access
- Abcence of local manufacturers
4 LSF - Limited professional workforces

- Incresed final cost
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struructure. The reasons were the absence of domestic
manufacturers and professionalworkforces that increases
the final cost of the construction projects.

Simulation

In the next step, a five-storey residential building, which
is a common type in the studied area, was simulated
(Figure 1). The third floor in the residential model was
chosento study the effects of the envelope materials and
opening design on the energy usage pattern of the
building. The selected model was attached to other
buildings from two directions (East and West) and free
from the other two (North and South), i.e., only had two
facades. The total area of the model was 193 m? (11.3 x
17.1), with afloor to ceiling height of 2.70m.

For simulation, Design Builder interface version5 for
Energy Plus was used as a building energy performance
tool to create the model. DesignBuilder is a validated tool
according to the EN 1SO 13790 standard [21] for the
calculation of energy used for space heating and cooling
and fabric loads.

The real building properties and climate data were
used for making the simulation model. The settings used
for the base model are summarised in Table 2. The factors
such as wall materials, WWR, glass types, curtain
materials, shading devices and the windows openability
percentage were assessed in the case of the residential
base model for the best achievable energy performance.
The weather data was used for the climate of Sari, Iran
(36.0°N, 53.4°E), adopting IWEC file between 2017 and
2018 [22]. This region’s altitude is 40m above sea level
and has a temperate and humid climate characterized by
limited temperature range, high relative humidity, and a
large number of cloudy days. According to the recorded
climatic data, the summer dry bulb temperature is 33.6
°C, and relative humidity is 55.89% while, the winter dry
bulb temperature is -3 °C and relative humidity is 92%
[23].

Enwelope materials

Different types of common envelope materials in the
region, were considered for the simulated building, while
the properties of other parts were deemed to be constant.
Table 3 represents the properties of the selected elements
for the envelopes. Physical properties of the materials
were adopted from previous researches.

Figure 1. 3D model of the simulated residential building in
design Builder
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RESULTS AND DISCUSSION

The effects of envelope materials on building loads
Heating load is the amount of energy required to reach
comfort temperature inside the building during cold
seasons. The heating load evaluated for one yearis shown
in Figure 2. According to the results, the highest heating
energy demands in the building appear between
December and February for the cases with less thermal
insulation, such as brick walls (19747 Btu/h) and clay air
brick without polystyrene insulation (16868 Btu/h). In
buildings with external walls made of air brick with
polystyrene layer, AAC blocks, and 3D panels, the
consumption of heating energy decreases during that
period. However, the lowest heating energy demand
occurs in LSF buildings for the whole year, while the
highest ammount is 8296 Btu/h.

On the other hand, the results from analyzing the
required cooling load during one-year period shows that
the building with the LSF external walls has the highest.
Whereas during summer months, when the higher daily
mean temperatures reach up to 27°C, the buildings with
brick walls and clay air brick without polystyrene
insulation will have the highest cooling loads compared
to the other material types. According to the temperate

Table 2. Simulation settings of the base model

Building Properties

Type of building Residential

Orientation North to south

Set temperature Heating 18 cooling 25

Floor and ceiling ceramic glazed 0.005m, Mortar
0.03m, Concrete Reinforced 0.3m,
plaster sand aggregated 0.03m,

plaster light weight 0.01m
U-value: 1.261 W/m?-K

Roof Clay tile (roofing) 0.03m, Mortar
0.03m, Bitumen felt layer 0.01m,
Concrete Reinforced 0.3m, mortar
0.01m, plaster sand aggregated
0.02m, plaster light weight 0.01m
U-value :2.261 W/m?-K

Windows double glaze clear glass 6mm

Solar Heat Gain Coefficient  0.703

(SHGC)

Window frame UPVC U-value: 3.476 W/m?-K

Shading External steel shading 0.002m
thickness

HVAC Cooling:  electricity, Heating
Natural Gas

Airtightness 0.5 ac/h

Lighting system LED lighting system with linear

light control
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and humid climate of Sari during autumn and spring
months, increasing natural ventilation is vital to improve
the internal air quality, while in summer, less interaction
with the outside environment are preferable [24].

The effects of window to wall
building loads

Simulation cases with several WWRs of 15, 25, 35, and
45% were generated for each facade to find the optimal
size of the windows, decreasing building energy usage
and natural lighting exploitation. Figure 3 compares the
variation of the received solar energy from widows with
different sizes throughout the year. Larger windows cause
higher solar gains, however, a 10% increase of the
windows from 15% WWR to 25% WWR leads to a larger
solar gain, from 19000 to 40000 Btu/h in April, compare
with those of from 25 to 35% WWR (from 40000 to
55000 Btu/hin April) and 35 to 45% WWR (from 55000

ratio (WWR) on

Table 3. Element properties used in the simulation

Envelope Thickness  Conductivity U-Value Ref
material (mm) (W/m.K) (w/m?K) :
Brick 220 0.78 3.5 [25]
AAC concrete
block 280 0.19 0.71 [7]
LSF with a
middle layer of [26-
mineral fiber 295 0.052 0.3 28]
insulation
Clay air brick
with an air layer 230 0.51 2.4 [25]
insulation
Clay air brick
with
Polystyrene 230 0.24 1.08 [7]
insulation
3D panel 150 0.53 0.53 [29]
20000
18000 M Brick
g e B AAC block
2 14000
2 Brick air without insulation
- 12000
:‘O‘J 10000 E Brick air with insulation ’
£ 8000 4 M 3D panel
E 6000 : B |SF
4000 5
2000 ’
. L L
£ § ©t 5 & ¢ 35 %8 z z
- &

September
November

Figure 2. Comparing the effects of external walls material
on annual heating load
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Figure 3. Comparison of building’s
window sizes

solar gain with different

to 65000 Btu/h in April). Besides, the primary heat gains
are happening during the early spring and the late summer
days because the angle of sunbeams during these periods
penetrates inside the house more than other times of a
year.

It is observed that increasing the size of the windows
improves the utilization of solar energy inside the
building and decreases the use of electricity for lighting.
Therefore, it will reduce the heating load of the building,
especially during spring. According to the results,
penetration of the sunbeams during the hot months of
summer increases the cooling loads of the building.

According to the results, considering WWR of 25%
for envelopes optimises the building loads throughout the
year. The variation of energy consumption demonstrates
that in a temperate climate, using larger windows
becomes counterproductive, because it provides larger
areas for heat transfer during both winter and summer. It
is shown that enlarging window size for South orientation
results in higher cooling demands, while larger window
sizes for North orientation will increase the heating loads.
Though, the window size cannot be reduced
inconsistently because the consumption of electricity for
illumination becomes an issue, as well as visual comfort.
The highest energy consumption was observed for 45%
WWR, (413000 Btu/h in July and Auguest), while for
15% WWR, the heating load will increase in 9 months of
the year . Conversely, solutions with lower energy
consumption, have the most inferior visual performance.
It can be perceived that decreasing the complexity of the
studied systemshows the difficulties in fulfilling all the
criteria. Therefore, additional building elements such as
blinds, shades, and improved glazing must be considered
to control solar radiation, light amounts, and glare.
Generally, our findings are in good agreement with the
results reported by Moolavi Sanzighi et al. [20]. They
found that the building with the optimum WWR of 24%
consumes the minimum energy in a temperate climate.
From the described situation, it becomes evident that at
large glazing areas, shading of windows becomes
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essential. It can help to analyze the cases in which shading
can improve critical conditions.

Bvaluating the effects of solar shading on building
energy usage

In this step, to investigate the effects of shape and length
of the shading devices on the energy usage of the
building, an optimal size of 25% WWR was considered
for the windows, and different types of shading devices
were applied. Figure 4 shows the amount of solar heat
gains through the windows after installing the shading
devices. According to the width of the shading devices,
the amount of received energy during summer months has
a substantial decrease. Increasing the depth of the
horizontal canopies from 300 mm to 600 and 900 mm,
decreases the heat absorption considerably. However, the
lowest cooling load of the building is perceivable when
four 300 mm horizontal shading devices along with the
height of the windows were applied. Besides, during the
hottest months of the year (May to July) 600 mm
overhang with side fins seemed more practical. The study
conducted by Ramli [30] also showed that devided
shadings are more suitable during the afternoon in order
to reduce heat from direct sunlight as well as to avoid
glare for the occupants.

Evidence suggests that the effect of horizontal
shading devices on the prevention of solar penetration in
hot seasons and the possibility of heat and radiation
absorption in cold seasons are more suitable than vertical
shading devices. Because the wider fixed shading devices
will decrease the penetration of sunbeams in cold seasons,
the total heating load of the building does not change
considerably after installing the shading devices.
Obviously, applying moveable shading devices can
improve the conditions.

250000

B Without shading
M 600 Horizontal
M vertical & Horizontal

& 300 Horizontal
™ 900 Horizontal
W 2 Horizontlas

£ 4 Horozontals

200000

2 Horizoftlas

50000

S i i o it i s - 2

s s s s s

erer e
March

S e Sy S S .

PRrrr o r e e

Apri [ —
a

Jun

July

i
il
il
ol
=
©
S
c
©

February

August
September

October
November
December [ =

Figure 4. Comparison of the amount of windows solar
absorption in case of different shading devices application
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The effects of windows glass material on building
loads

Five types of glass materials were applied for the
windows: single glaze, double glaze, absorptive,
reflective, and Low Emission (Low-E). It was perceived
that the reflective glasses reduce the cooling loads of the
building during summer months, from 400000 to 350000
Btu/h. However, due to the decreasein the absorption of
lighting and heating energy of the sun, it will increase the
heating load of the building during the cold months
considerably from 18000 to 2000 Btu/h in January
(Figure 5).

According to the variation in cooling and heating
loads of'the building with a different choice of window’s
glass material, the Low-E glasses will improve the
heating and cooling loads of the building more effectively
through the year. The Nano cover on these glasses reduce
the total u-value from 3.1 to 25 W/m?-K, and provides
better UV protection [25]. Increasing the size of the
windows to 35%WWR and 45%WWR have also resulted
in the same conditions with a higher increase in heating
and cooling loads differences. Results reported by Abdoly
Naser et al. [31] also showed glazing with low emission
coating will decrease, heat loss decreased and annual gas
consumption. While reflective coatings on the surface of
the glass reduce the receipt of solar energy by 90.86% and
therefore this type of glazing is not suitable in cold
seasons.

The effects of internal curtains on building loads

Five different types of curtains were applied on the inner
side of the windows: closed weave dark drapes, closed
weave medium drapes, closed weave light drapes, shade
roll-light opaque, semi-open medium drapes. According
to the evaluations, the dark and closed wave drapes
increase the cooling load of the building due to the higher
heat absorption rate in hot seasons (from 320000 to
380000 Btu/h in August). On the other hand, they
decrease the heat transferin cold seasons, and thus reduce
the heating load of the building. However, due to the
reduction in the penetration of natural lighting, from
11000 to 10000 Btu/hin March, the use of electricity for
illumination will increase (Figure 6).

Light opaque shade roll and closed weave light drapes
reduce the heat absorption during the day, and
consequently decrease the building’s cooling loads in hot
months of the year. All in all, they show an improved
performance regarding reducing building loads and
natural lighting absorption.

The effects of natural ventilation on the building’s
heating and cooling loads

In this step, the window control was setup, and partially
opened windows were defined in different times of the
day to monitor the effects of natural ventilation on the
cooling loads of the building during the hot months. The
operation time was 24 hours on weekdays with various
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open factors between 25 and 100%. The evaluated cases
are summarized in Table 4.

The simulations’ results showed that the building
experienced lower cooling loads when the windows were
closed in hot hours of the day (12 pm to 4 pm) and
partially opened at other times (Figure 7). On the other
hand, the highest amount of cooling load was perceived
when 25% of the window was opened from 7 pmto 7 am
and closed from 7amto 7 pm. The second highestamount
was experienced when the windows were opened 25% all
the time to meet the requirement of minimum fresh air
and velocity.

According to the results, it is perceivable that
increasing the percentage of windows’ open parts have
improved natural ventilation inside the building, and
night cooling has a great impact on cooling load of the
building in summer. Hence, for the conditions that the
windows were opened 100% from 12 am to 8 am the
lowest values of cooling loads were perceived.
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30000

20000

Solar gains (btu/h)
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January
February
March
April

May

Jun

July
August
September
October
November
December

,_
o
m

B Single glass W Doubleglass M Absorbtive M Reflective

Figure 5. Windows solar gains with different glass materials
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Figure 6. Building solar gains with different materials for

internal curtains
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Table 4. Evaluated cases with different open factors for
windows

5 5
5 = 28 3 £ g2
s = og 5 = 08
(@) ]
1 Day and night 25% 9 8amtol2pm  25%
2 Day and night 50% 12pmto4 pm -
3 Day and night 75% 4pmtol2am  25%
4 Dayandnight 100% 12amto8am 100%
5 7pmto7am 25% 10 8amtol2pm 50%
7amto 7 pm - 12 pmto4 pm -
6 7pmto7am 50% 4pmtol2am  50%
7amto 7 pm - 12amto8am 100%
7 T7pmto7am 75% 11 8amtol2pm 75%
7amto 7 pm - 12 pmto4 pm -
8 7pmto7am 100% 4pmtol2am  75%
7amto 7 pm - 12amto8am 100%
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Figure 7. Comparison of building cooling load with different

percentage for open able part of the window

CONCLUSION

The reduction of energy consumption in the residential
sector is among the top priorities of the lIranian
government. Adopting suitable envelope materials and
windows design, can significantly contribute to reducing
residential energy demand. This study identified the
building with LSF structure with the lowest energy usage
followed by 3D panels and AAC cement blocks in
temperate and humid climate of Iran. The window size
has to be optimized for more than one objective, because
of its influences on energy consumption and visual
comfort. The larger WWRs improve factors such as view
and natural lighting. On the other hand, the smaller
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WWRs, address privacy and energy saving. According to
the findings, such objectives can be satisfied by a 25%
WWR window size. It was observed that external shading
devices are more effective than internal curtains since the
internal devices absorb solar heat and radiate inside the
building. In addition, horizontal shadings provide better
energy performance in cold and hot seasons compare to
the vertical fins. Since wider horizontal shadings cause
lower cooling loads in warm seasons, the adjustable
shadings would improve the absorption of solar radiation
in cold seasons. The evaluated materials for curtains and
windows glasses considering the quality of luminosity as
well as energy usage throughout the year suggested that
light-wave and opaque curtains and low emission glasses
are suitable in this climate. Furthermore, it is more
appropriate to close the windows during hot hours of the
day (12 pm to 4 pm), openthem during the night (12 am
to 8 am), and make thempartially opened during the other
times to optimize the natural ventilation and reducing
cooling loads in summer months.

The approach for designing energy-efficient building
facades requires systematic investigations of different
design options, and an ideal solution is based on the
building’s location, climate, building type, etc. This study
can be extended to other types of buildings in moderate
and humid climate, additional building components, and
shadings.

REFERENCES

1. Nasrollahi, F., Urban and Architectural Criteria for Reducing
Building Energy Consumption, National Energy Committee of
Iran. 2012: Tehran, Iran.

2. Ghyasvand, H. and Ghyasvand, J., 2009. Pathology of Thermal
Insulation in Residential Buildings Case Study of Residential
Buildings in Shahid Beheshti Town, Hamedan. The Firg
Sustainable Architecture Conference, Iran.

3. Thalfeldta, M., Pikasa, E., Kurnitskia, J. and Vollb, H., 2013.
Facade Design Principles for Nearly Zero Energy Buildings in a
Cold Climate. Energy and Buildings, 67(1), pp.309-321.

4. Bergh, S., Hart, R., Jelle, B. and Gustavsen, A., 2013. Window
Spacersand Edge Seals in Insulating Glass Units: A State-of-the-
Art Review and Future Perspectives. Energy Building, 58(1),
pp.263-280.

5. Kalnas, S andJelle, B., 2014. VVacuum Insulation Panel Products:
A State-of-the-Art Review and Future Research Pathways.
Applied Energy, 116(1), pp.355-375.
https://doi.org/10.1016/j.apenergy.2013.11.032

6. Sadafi, N., Salleh, E., Haw, L. and Jaafar, M., 2012. Potential
Design Parameters for Enhancing Thermal Comfort in T ropical
Terrace House: A Case Study in Kuala Lumpur. ALAM CIPTA
Journal, 3(1), pp.15-24.

7. Mohammad, S. and Andrew, S., 2013. Performance Evaluation of
Modern Building Therma Envelope Design in the Semi-Arid
Continental Climate of Tehran. Buildinas, 3(1), pp.674-688.
https://doi.org/10.3390/buildings3040674

8. Naiji, K. andKlaus, R., 2012. Investigating the Effect of Thermal
Mass of the Outer Crust on the South of the Building in Tehran on
Its Annual Energy Consumption, in Paper presented at the second


https://doi.org/10.1016/j.apenergy.2013.11.032
https://doi.org/10.3390/buildings3040674

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

N. Sadafi et al./ Iranian (Iranica) Journal of Energy and Environment 12(3): 255-263, 2021

international conference on modern energy saving approaches.
South Pars Energy Economy Special Zone, Tehran, Iran.

Sekhavatmand, B., Zolfaghari, S.A., Rahimpour, M. and Moslehi,
H., 2013. Analysis of the Effect of External Building Shell on the
Performance of the Casing System in the Climate of Tehran, in
second national climate conference, building and energy
efficiency optimization. Organization of interest Energy of Iran,
Isfahan, lIran.

Rezazadeh, N. and Medi, H., 2017. Thermal Behavior of Double
Skin Facade in Terms of Energy Consumption in the Climate of
North of Iran-Rasht. Space Ontology International Journal, 6(4),
pp.33-48.

Goia, F., Hasse, M. and Perino, M., 2013. Optimizing the
Configuration ofa Facade Module for Office Buildings by Means
of Integrated T hermal and Lighting Simulationsin a Total Energy
Perspective. ~ Applied Energy, 108(1), pp.515-527.
https://doi.org/10.1016/j.apenergy.2013.02.063

Ochoa, C., Aries, M., Loenen E. and Hensen, J., 2012.
Consideration on Design Optimization Criteria for Windows
Providing Low Energy Consumption and High Visual Comfort.
Applied Energy, 95(C), pp.238-245.
https://doi.org/10.1016/j.apenergy.2012.02.042

Poirazis, H., Blomsterberg A. and Wall, M., 2008. Energy
Simulations for Glazed Office Buildings in Saeden. Energy and
Buildings, 40(7), pp.1161-1170.
https://doi.org/10.1016/j.enbuild.2007.10.011

Motuziene, V. and Juodis, E. S., 2010. Simulation Based Complex
Energy Assessment of Office Building Fenestration. Joumal of
Civil Engineering and Manaagement 16(3), pp.345-351.
https://doi.org/10.3846/jcem.2010.39

Baetens, R., Jelle B. and Gustavsen, A., 2010. Properties,
Requirements and Possibilities of Smart Windows for Dynamic
Daylight and Solar Energy Control in Buildings: A State-of-the-
Art Review. Solar Energy Materials and Solar Cells, 94(2), pp.87-
105. https://doi.org/10.1016/j.s0lmat.2009.08.021

Kosir, M., Gostisa T. and Kristl, Z., 2016. Search for an Optimised
Building Envelope Configuration During Early Design P hase with
Regardto the Heating and Cooling Energy Consumption, in CESB
16-Central Europe Towards Sustainable Building 2016:
Inovativnost for Sustainable Building. pp:805-812.
Tsikaloudaki, K., Laskos, K., Theodosiou, T. and Bikas, D., 2012.
Assessing Cooling Energy Performance of Windows for Office
Buildings in the Mediterranean Zone. Energy and Buildings,
49(1), pp.192-199. https://doi.org/10.1016/.enbuild.2012.02.004
Lee, J., Jung, H., Park, J., Lee, J.and Yoon, Y.,2013. Optimization
of Building Window System in Asian Regions by Analyzing Solar
Heat Gain and Daylighting Elements. Renewable Energy, 50(1),
pp.522-531. https://doi.org/10.1016/j.renene.2012.07.029
Skarning, G.C.J., Anker Hviid, C. and Svendsen, S., 2017. The
Effect of Dynamic Solar Shading on Energy, Daylighting
Andthermal Comfort in aNearly Zero-Energy Loft Room in Rome
Andcopenhagen. Energy and Building, 135(1), pp.302-311.
https://doi.org/10.1016/j.enbuild.2016.11.053

Moolavi Sanzighi, S., Soflaei, F. and Shokouhian, M., 2020. A
Comparative Study of Thermal Performance in Three Generations

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

of Iranian Residential Buildings: Case Studies in Csa Gorgan.
Journal of Building Physics, 44(4), pp.326-363.
https://doi.org/10.1177/1744259120906241

BS En ISO 13790, Energy Performance of Buildings. Energy
Needs for Heating and Cooling, Internal Temperatures and
Sensible and Latent Heat Loads. Calculation Procedures. 2008,
BSI. https://mww.iso.org/standard/65696.html

Granderson, J., Lin, G, Harding, A., Im, P. and Chen, Y., 2020.
Building fault detection data to aid diagnostic algorithm creation
and performance testing. Scientific data, 7(1), pp.1-14.

Management & Planning Organization, 2003. Design Conditions,
for Calculation of Heat Installation, Air Replacement and Air
Conditioning for a Number of Cities in the Country, Cock 271,
Management and Planning organization of Iran: Tehran, Iran.

Albatayneh, A., Alterman, D.,Page, A. and Moghtaderi, B., 2019.
Development of a New Metric to Characterise the Buildings
Thermal Performance in a Temperate Climate. Energy for
Sustainable Development, 51(1), pp.1-12.
https://doi.org/10.1016/j.esd.2019.04.002

IRI, 2010. Ministry of Housing and Urbanism, Bureau for
Compiling and Promoting National Regulations for Buildings;
Code No. 19: Energy Efficiency,5" Ed. Iran Development P ress,
pp:21-36. Iran Development Publishing.

Santos, P., Martins, C., Da Silva, L. and Bragancxa, L., 2013.
Thermal Performance of Lightweight Steel Framed Wall: The
Importance of Flanking Thermal Losses. Journal of Building
Physics, 1(2), pp.81-98.
https://doi.org/10.1177/1744259113499212

Ghalehnoei, A., Ghalehnoei, M., Rashidian, M.M. and Shakits,
M.R., 2017. Thermal and Acoustic Evaluation of Common
Building Materials as Exterior Shells, in Second National
Conference on Applied Researchin Civil Engineering (Structural
Engineering and Construction Management). Sharif University of
Technology, Tehran, Iran.

Qasemi, M., Rahgozar, R. and Jaberzadeh, M., 2014. Investiggtion
of Thermal Performance of Lsf Light Steel Frame Construction
System, in 8" National Congress of Civil Engineering. Babol,
Noshirvani University of Technology, Iran.

Rouhani, M., Shafabakhsh, G.A. and Haddad, A.H., 2016.
Simulation and Evaluation of Energy Stability of External Walls
of Construction Industry, in 9™ National Congress of Civil
Engineering, Ferdowsi University of Mashhad, Iran.

Ramli, N.H., 2012. Re-Adaptation of Malay House T hermal
Comfort Design Elements into Modern Building Elements — Case
Study of Selangor Traditional Malay House & Low Energy
Building in Malaysia. Iranian (Iranica) Journal of Energy and
Environment (Special Issue on Environmental T echnology), 3(5),
pp.19-23. https://dx.doi.org/10.5829/idosi.ijee.2012.03.05.04

Abdoly Naser, S., Haghparast, F., Singery, M. and Sattari
Sarbangholi, H., 2020, Providing an Optimal Execution Mockl for
Windows Based on Glazing to Reduce Fossil Fuel Consumption
(Case Study: Asman Residential Complex of Tabriz). Iranian
(Iranica) Journal of Energy and Environment, 11(4), pp.260-270.
https://dx.doi.org/10.5829/ijee.2020.11.04.03

COPYRIGHTS

©2021 The author(s). This is an open access article distributed under the terms of the Creative Commons
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as
long as the original authors and source are cited. No permission is required from the authors or the publishers.

Cin

262


https://doi.org/10.1016/j.apenergy.2013.02.063
https://doi.org/10.1016/j.apenergy.2012.02.042
https://doi.org/10.1016/j.enbuild.2007.10.011
https://doi.org/10.3846/jcem.2010.39
https://doi.org/10.1016/j.solmat.2009.08.021
https://doi.org/10.1016/j.enbuild.2012.02.004
https://doi.org/10.1016/j.renene.2012.07.029
https://doi.org/10.1016/j.enbuild.2016.11.053
https://doi.org/10.1177%2F1744259120906241
https://www.iso.org/standard/65696.html
https://doi.org/10.1016/j.esd.2019.04.002
https://doi.org/10.1177%2F1744259113499212
http://dx.doi.org/10.5829/idosi.ijee.2012.03.05.04
https://dx.doi.org/10.5829/ijee.2020.11.04.03

N. Sadafi et al./ Iranian (Iranica) Journal of Energy and Environment 12(3): 255-263, 2021

Persian Abstract

odSx>

a4 olnl wgbye s Juis glsn 5 ol po (G Slslezslo il Lo (b ()l )ls (3 (e Ll S 50 olul (p28 pleisle aiug
2008 plld Glae (o) S Gk 5l Gt le dlas Joluie glgil daslucnl w357 )18 a2 g5 3590 walll 0l 50 (6551 B ras (sl dinge jokate
(Sl ol polie dex 5l Les (b sl el b ad ol s 0I5 ) At Joe S 4 Gdm) Sz SFpalS Slodnnd (gan Al e
ladivg o5 dad s Gl Gluand @l WS () p pleitle @55 Srae p jlilale Jsb g0z 6985k Ceend lns 4 0 sl o
= ol ple gl gletsle Gialeye 5 (ale)S lajl 2alS sl P T (polsa o GlaSsl 5 saman Sladil (S 3 Sl b oad Sl
il 5 5,5 gloeyzety amo 2ol LFA L Liolor 5 il sl |y (651 b pae wilsi co glas ol 5l ool ALbl o 5 iss maldl cpl o o
oy Ceand oz 50 Syacdhee Yoo (B balo b oles s @ oyt maw AV S tplpls saimsge Gl plest b LS 3550 (6550 0t
aallle 5,50 (dlop 5 T ol s Sgie 1ol 5 dns g o p)F Slel 5 o o5 LAt L (glatd Slab b Llbo iy 5 S Slo LSl slaos
o) Slgiiay 5 Jolow

263



