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Abstract

Keywords

Background and aims: Buildings consume more than 40% of global energy,
significantly contributing to carbon dioxide emissions. Windows play a key Shading
role in heat exchange between indoor and outdoor environments, and external

. . o . . - Thermal Comfort
shading can notably impact building heat transfer. This study investigates the
effect of horizontal external shading on energy savings in buildings. Energy Savings
Methods: In this study, external shading was designed and modeled in the Cooling Load

form of horizontal blades perpendicular to the window surfaces for a 10-story
office-commercial building in Tehran. The blades were designed such that
the resulting shadow would fully cover the window surfaces, with a focus on
August 1 (the hottest day of the year), when the highest direct solar radiation
hits the window surfaces. The effect of the designed external shading on the
building’s cooling load was evaluated using the Carrier HAP software.

Results: The results indicated that the eastern and western windows have
the most significant impact on the building's cooling load in the morning
and afternoon, respectively. The proposed shading reduced the cooling
load demand by 9.23%, 11.33%, and 16.37% in July, August, and September,
respectively. This led to an electricity cost saving of 108 US dollars during the Accepted : 2025/07/28
period. Implementing this shading in a megacity like Tehran could result in

substantial energy savings during the summer and enhance thermal comfort.
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Conclusion: External shading systems effectively contribute to energy savings,
improved thermal comfort, and aesthetic goals. Further research on various
shading structures would be beneficial in this context.
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EXTENDED ABSTRACT

INTRODUCTION

Buildings are major contributors to global energy
consumption and CO, emissions, exacerbating
climate change and environmental degradation.
Rising energy costs and dependence on fossil fuels
have made energy efficiency a priority, especially
in developed countries. Since the 1990s, research
has focused on reducing building energy use while
maintaining occupant comfort. The European
Union aims to cut greenhouse gas emissions in the
building sector by 60% by 2030, emphasizing energy-
efficient solutions. Windows play a crucial role in
energy efficiency, as they regulate heat exchange and
indoor thermal comfort. Various strategies, such
as renewable energy systems, dynamic glazing, and
traditional shading, have been explored to reduce
thermal transfer. However, dynamic glazing faces
challenges such as high costs, wintertime darkness,
and production constraints. External shading remains
a highly effective method for controlling solar heat
gain, blocking excessive sunlight in summer while
allowing beneficial solar ingress in winter. Shading
devices are classified as fixed or movable. Although
automatic shading systems provide adaptability, they
are expensive, complex, and prone to performance
errors due to climatic variations. In contrast, fixed
external shading is cost-effective, easy to implement,
and ensures consistent energy savings without user
intervention. Given Iran’s peak electricity demand
from mid-July to mid-September and its ongoing
reliance on fossil fuels, energy-saving strategies are
crucial. This study investigates the effect of horizontal
external shading on reducing the summer energy
consumption of an office-commercial building.

METHODOLOGY

The external shading system analyzed in this
study comprised parallel horizontal blades (0.2 x 1 m)
positioned perpendicular to the window surface. Blade
spacing was determined based on shadow overlap to
ensure complete window coverage. The design was
optimized for July 23, the hottest day of the year,
with maximum direct sunlight. The study assessed
the impact of shading on cooling load reduction
and energy savings from July to September. The
investigation focused on a 10-story office-commercial
building in Tehran with a total area of 600 m®. The
south-facing fagade, spanning 30 meters, features full-
length windows on each floor. Each 200-unit floor
contains 24 windows on the north and south sides,
and 16 on the east and west. The windows are single-
glazed with non-insulated metal frames, set within a
10 cm cavity.

Considering Tehran’s geographical characteristics
and meteorological data, correction coeflicients for
altitude, window frame type, dew point, dust, and

glass properties were determined as 1.028, 1.17, 1.19,
0.85, and 0.25, respectively. The external shading
was specified with a half-bright finish. Additionally,
based on meteorological records over the past five
years, the average summer temperature of 38.9°C was
incorporated into the design parameters. At this stage,
the solar heat gain through unshaded windows across
different orientations on July 23 was calculated using
Carrier HAP (Hourly Analysis Program, Version 5.1).
Subsequently, employing Excel 2019 and formula (1),
the number of horizontal shading blades and their
installation intervals for windows in each geographical
direction were calculated based on environmental
conditions and the radiation angle during the hours
when maximum solar heat gain through the window
occurs.

Formula. 1. Length of Overhang x Longitudinal
shadow coeflicient = Length of Shade

At the end of the phase, the Carrier HAP (Hourly
Analysis Program, Version 5.1) was used to examine
the effectiveness of the proposed external shading in
reducing building energy consumption during the
summer. The studied building utilized fluorescent
lamps for lighting, with an average of two occupants
per room. Essential electrical equipment, including
computers, printers, phonographs, telephones, and
cooling-heating systems, was considered in the
Carrier HAP software. The heating system comprised
a hot water boiler with a central sensor, distributing
heat through radiators, while cooling was provided by
gas coolers with a capacity of 9,000 BTU/h.

Occupancy duration in July, August, and
September was 25, 26, and 23 days, respectively, from
07:00 to 21:00. The study further evaluated the impact
of shading on energy and cost savings by quantifying
the reduction in electricity consumption (kWh) and
the corresponding costs, based on the electricity tariff
rates for general consumption approved by the Iran
Power Generation, Transmission, and Distribution
Company (TAVANIR).

RESULTS

Figure 1 illustrates the heat gain from solar
radiation through the building’s windows on July 23,
the hottest day of the year. The results indicate that
the highest heat gain occurs at 7:00 AM for eastern
windows, 12:00 PM for southern windows, 5:00 PM
for western windows, and 6:00 PM for northern
windows.

The study found that 15 horizontal shading blades
are required for the eastern and western windows,
8 for the northern windows, and 3 for the southern
windows. Table 1 details the blade count and spacing
corresponding to the maximum solar heat gain on July
23 (see Figure 2).
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Fig. 1. Heat gain by solar radiation through the windows in 23 July

Table. 1. The number of shading blades and their installation intervals for maximum heat gain conditions

G hi Heat savi Longitudinal
eographica eat savin
,g P K . Solar Heat Gain R g . . shade height for Installation
1 Orientation  Time coefficient in Azimuth  Altitude number of K
Factor . . . each shade blade . intervals
of the (hr) (Btw/hr.f) building (DY) (DY) () shadings (f0)
u/hr.
Window materials(Ib/ft?)
Eastern 7:00 161 0.38 83 24 0.27 15 0.26
Western 17:00 161 0.51 277 24 0.27 15 0.26
South 12:00 69 0.58 180 70 1.83 3 1.3
North 18:00 24 0.37 286 12 0.55 8 0.50
*: Decimal degrees
July A September (6]

cooling load (kw)
cooling load (kw)

LN R A A A |

Time (hr)

Time (hr) Time (hr)

Fig. 2. Comparison of the cooling load for external shading and non-external shading modes in summer (Continuous lines: before design;
Dashed lines: after design)

The impact of the designed external shading
on the building’s cooling load was analyzed using
Carrier HAP software. Figure 2 presents the hourly
cooling load calculations for all window orientations
(east, west, north, and south) over July, August, and
September, comparing conditions before and after
shading installation.

Fig. 2. Comparison of the cooling load for external
shading and non-external shading modes in summer
(Continuous lines: before design; Dashed lines: after
design)

As illustrated in Figure 2, cooling load demand

remains unchanged between 8:00 PM and 7:00 AM
due to the absence of solar radiation. The increase at
7:00 AM results from solar gains through the eastern
windows and internal heat sources. The sharp decline
between 3:00-4:00 PM corresponds to the closure
of administrative units and reduced equipment
use, lowering cooling demand. Table 2 presents the
building’s average cooling load during daylight hours
(7:00 AM-9:00 PM) under shaded and unshaded
conditions across July, August, and September. The
results indicate that external shading reduces the
cooling load by 12% over the three-month period.
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Table. 2. Estimation of the efficiency of the external shading on reducing the building’s cooling load in during 7:00 to 21:00 hr

Average building’s cooling load in July Average building’s cooling load in August Average building’s cooling load in
(W/h) (W/h) September (W/h)
Before After Reduction X After Reduction Before . Reduction
N i Before design R X After design

design design rate design rate design rate

384629.9 349123.2 35506.7 386288.5 342500.5 43788.1 344906.6 288445.3 56461.3
Effect of external shading on
9.23 11.33 16.37

reducing cooling load (%)

The results of the cost savings calculations—
based on the step-by-step electricity consumption
method provided by the Iran Electricity Distribution
Company in 2024—indicate that, given the reduction
rate, the estimated savings in electricity consumption
over the three-month summer period amount to
approximately US$108.

DISCUSSION

This study designed horizontal external shading
with parallel blades positioned perpendicular to the
window surface and examined its impact on reducing
summer energy consumption in an office-commercial
building. The study found that eastern windows
had the highest impact on cooling load increase,
with western, southern, and northern windows
contributing 97%, 64%, and 49.1% of this impact,
respectively. This highlights the minimal influence
of north-facing windows on cooling demand. Since
the sun predominantly follows a southern path in
the Northern Hemisphere, northern facades mainly
receive diffuse sunlight, resulting in lower solar heat
gains.

This finding is consistent with previous research,
including Karimi et al. (2023), which attributes the
reduced cooling load of northern windows to their
limited direct solar exposure. Consequently, the design
of external shading devices for north-facing windows
is of lesser importance, as supported by other studies
noting their minimal impact on energy performance
in north-facing buildings. However, Al-Hawail et al.
(2019) emphasize that the necessity of shading north-
facing windows depends on the building’s location. In
tropical and arid climates, full shading on all facades
is essential to minimize heat gain year-round, making
north-facing windows equally important. Similarly,
Kabanshi et al. (2023) found that in Northern
Hemisphere cities, north-facing windows experience
the lowest cooling demand due to reduced solar
exposure. Conversely, in the Southern Hemisphere,
south-facing windows receive less solar radiation,
leading to the lowest annual energy demand, as
observed in cities like Harare. This underscores the
need to prioritize shading for south-facing windows
in Southern Hemisphere regions.

The study identified the optimal shading
configuration as 15 blades for eastern and western
windows, 8 for northern, and 3 for southern.

Variations in blade count resulted from differences
in solar altitude and azimuth during peak radiation
periods. East-facing windows required more blades
due to lower solar altitude, while south-facing
windows, exposed to nearly overhead sunlight,
needed fewer. These findings emphasize the necessity
of incorporating solar geometry into shading design
to enhance energy efficiency.

The evaluation of external shading efficiency
during July, August, and September showed a 12%
reduction in cooling load, leading to approximately
US$108 in electricity savings over the summer.
Although seemingly modest, these savings become
substantial on a national scale and over extended
periods. These results emphasize the role of optimized
shading design in improving energy efficiency and
reducing cooling demand in buildings.

CONCLUSION

Windows significantly impact building energy
consumption, making their optimization through
manufacturing, control, or coating essential for
energy savings. Additionally, strategic window design
enhances daylight utilization, views, aesthetics, and
urban architecture. Therefore, the proper placement
of shading devices is crucial for maximizing energy
efficiency.
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