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Abstract

Building facades are considered a vital component of a building. Windows, which are parts of a building facade,
may have an essential role in reducing energy consumption and increasing daylight efficiency. This enhances the
users' productivity. Nevertheless, daylighting doesn't always decrease energy consumption; its performance
depends on many other parameters. Today, a smart and kinetic facade for improving the received daylight by the
users is recognized as a practical approach. This research has studied the smart facade's effect on the energy
consumption of an official room in a cold climate. The researchers don't attempt to design a facade; they intend to
propose a parametric method to decrease energy consumption. Hence, the effectiveness of the proposed method is
assessed by comparing it with the traditional one, which means using curtains. For this purpose, five alternatives
are considered: without curtains, with curtains, and three options of smart facades in different arrangement types.
The results show that in the proposed alternative smart facade, energy consumption in the south and east has
improved by about 40% and 65%, respectively, compared to the case with the curtain.

Keywords: Energy Consumption, Daylight, Smart Facade, Office Building.

Citation: Salavati, Z., Majid Shahabi, M., Torabi, Z.(2024). Investigating the Impact of the Smart Facades of Office
According to the Location of the User on the Amount of Energy Consumption in Cold Climate (Case Study: Tabriz
City). Journal of Sustainable Architecture and Environment, Vol 1, No 4, Shiraz, PP 93-110..

* Corresponding author: Majid Shahabi, Email: : majid.shahbazi@iauz.ac.ir, Tel: +98


https://sanad.iau.ir/journal/jsae

Sustainable Architecture and Environment, Vol 1, No 4, Winter2024 94

Extended Abstract

Introduction

The aim of this research was to propose a method for creating a movable shell to improve daylight glare
without compromising lighting quality, particularly in office spaces. In this method, the position and
dimensions of the shell adjust based on the user's location. The results indicate that the performance of
the shell, developed using this method, is excellent. It effectively reduces glare in both U and T
configurations, as well as in the parallel mode (Il) (Salawatizadeh et al., 2022).Furthermore, the
effectiveness of this new building component needs to be assessed from various perspectives, with
energy efficiency being one of the most crucial. Energy management in buildings is paramount, and
thus, this study examines the mobile shell method developed in previous research, with a focus on energy
considerations.The proposed method not only enhances daylighting and reduces glare but also proves
to be energy-efficient. It is hypothesized that by improving daylight conditions, the method can lower
the building's energy consumption. This is because increased natural lighting reduces the need for
artificial lighting and can also lessen the cooling and heating load during certain hours, ultimately
leading to reduced energy consumption.Therefore, this research aims to investigate the potential
reduction or increase in energy consumption in an office space using the introduced method in three
layout modes: U, T, and parallel (I1), compared to a mode with curtains. While results for the curtain-
less condition have been examined, the comparison primarily focuses on scenarios involving curtains,
as they are commonly used in office settings to mitigate disruptive light.

Methodology

The present research examines the effect of utilizing a smart shell, adjusted according to the user's
location, on energy consumption in office spaces located in cold climate regions, using Tabriz city as a
case study. This study involves steps such as reviewing existing literature on smart skins, lighting, light
radiation reduction, and energy efficiency in office buildings, particularly in cold climate regions.

Results and discussion

The study analyzes the impact of a smart shell, adjusted to the user's location, on energy consumption
in office spaces in cold climates, using Tabriz as a case study. The research covers scenarios with and
without curtains in three layout modes, examined across various days of each month throughout the
year. Simulations were conducted for both east and south orientations, with energy consumption
represented in kilowatt-hours on the vertical axis and days, months, and directions (S for south, E for
east) on the horizontal axis. Overall, energy consumption is higher with curtains compared to other
modes. In the analysis, energy consumption is generally higher on eastern-facing fronts due to less
radiation. The weather parameters, particularly temperature, radiation, and cloudiness, significantly
influence consumption. In addition to these factors, the smart shell's control over indoor lighting also
affects energy consumption. Further analysis reveals differences between east and south orientations. In
the east, energy consumption peaks on January 5th in all scenarios, while it's lowest on March 5th.
Comparatively, energy consumption is higher in the south due to increased radiation. In the east, energy
consumption is generally lower in the mode without curtains and slightly higher in the LL (parallel)
configuration, followed by U and T configurations. Energy consumption decreases with curtains drawn,
especially in mild months. Overall, in both orientations, energy consumption is lower with curtains
drawn, particularly in May and June.

Conclusion

The smart shell in the southern orientation during cold months shows that the LL (parallel) mode
performs best, followed by no curtains, U, and T configurations in energy consumption reduction. The
LL configuration exhibits better performance than U and T configurations in both cold and mild months.
Notably, the LL mode outperforms others in energy efficiency in the southern front. It indicates superior
performance over curtains. In cold months, the south-facing shell demonstrates a 61% improvement,
whereas it's least efficient in mild months. Overall, the proposed smart shell reduces energy consumption
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by approximately 40% and 65% in the south and east orientations, respectively, compared to curtain
use. South-facing structures require less energy consumption than eastern ones during cold months.
Thus, integrating south-facing openings in office designs can significantly reduce energy usage in cold
regions like Tabriz. While less effective in warm months for cooling, the method substantially addresses
heating needs. However, to enhance shell efficiency in moderate and warm months, adjusting to user
location could be eliminated, increasing the shell's surface area to create more shade, thus reducing
cooling loads. Alternatively, traditional curtains can be used when daylight is unnecessary.
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