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Residential buildings are one of the largest consumers of energy in
the building sector, therefore, by providing solutions to optimize
energy consumption, improve efficiency, and modify the operation
pattern, it is possible to meet the thermal needs of residents by
reducing energy consumption. In the present study, considering the
issue of building shells due to its importance as the first external
element of the building, the components affecting energy
consumption in the external shell of the building, including the
dimensions of openings and types of glass, the type of canopy, and
in a residential building, have been simulated to obtain the best state
in terms of reducing energy consumption. In the process, library
and field studies and computer simulation using Design Builder
software as a valid modeling method have been used to confirm the
findings and results, and finally, the amount of energy consumed in
the real sample was compared with the simulated samples. The
results showed that the amount of energy consumption in the
optimized models in various components of the external shell of the
building is between 5 and 39 percent less than the initial state and
energy loss can be reduced.
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Extended Abstract

Introduction

The fagade of a building is one of the most
important parts of an architectural structure, as
it not only conveys the aesthetic essence of the
building and the city but also plays a role in a
broader context—namely, energy
consumption. All efforts aimed at reducing
fuel consumption ultimately lead to a decrease
in carbon dioxide emissions and global
warming. Architecture, too, can play its part
in contributing to this comprehensive policy.
Methodology

Library research, field studies, and
simulations using the DesignBuilder software
are the methods employed in this study. A
high-rise residential building located in the
hot and dry climate of Shiraz was selected as
the case study. In the first stage,
environmental factors and the current
condition of the building’s external envelope
are examined. Then, various types of energy
consumption—including heating, cooling,
lighting, household appliances, and domestic
hot water—are dynamically modeled. To
validate the simulation results, the energy
consumption of electricity and gas (measured
in kilowatt-hours) under the actual building
conditions is compared with the simulation
outcomes, as shown in Figure 1. The very
small difference between the two confirms the
accuracy of the software.

In the next stage, the heating and cooling
energy demands are calculated through
modeling in DesignBuilder. In the selected
case, the walls are single-layer brick or 10-cm
brick facades, and the windows are single-
glazed. No thermal insulation materials are
used in the details of the walls, roof, or floor,
and the windows account for 25% of the
facade surface area. Subsequently, different
components of the building envelope—such
as shading devices, windows, and
construction materials—are optimized to
reduce energy consumption. Finally, the
building’s energy consumption before and
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