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Nowadays, energy is recognized as one of the main indicators of
economic development. It is evident that due to excessive consumption
and the depletion of energy resources, we are facing a growing challenge
concerning extraction and exploitation costs. Various solutions can
contribute to reducing and optimizing energy consumption, among which
the use of renewable energies-such as solar energy through building
roofs- plays a vital role in decreasing environmental pollution. Since
buildings are among the key components of a country’s development and
consume a large portion of energy and environmental resources, the
proper design of building elements, particularly roofs, can have a
significant impact on reducing unnecessary energy consumption and
ensuring thermal comfort.

The present study aims to achieve a better understanding of roof forms
by comparing the amount of solar energy received by different types of
roofs. The research adopts a case study approach for examining the
selected samples, and computer simulation is used to analyze the overall
behavior of the projects.

In general, the results of this study indicate four design and selection
options, with the ranking of solar radiation absorption (in watts)
throughout the year as follows: Sloped 45-45 > Sloped 60-30 > Domed >
Flat.

The rate of solar radiation absorption (in watts per square meter) in
various months is as follows:

1. In December, January, and February: Flat > Sloped 60-30 > Domed >
Sloped 45-45

2. In November and April: Flat > Domed > Sloped 45-45 > Sloped 60-30
3. In March, May, October, September, June, July, and August: Flat >
Domed > Sloped 60-30 > Sloped 45-45.
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Extended Abstract

Introduction

Nowadays, the management and accessibility of energy resources are recognized as some of the most critical and
defining indicators of global economic dynamism. Looking back at the final decades of the twentieth century, the
emergence of severe energy crises-resulting directly from rampant consumption patterns and the subsequent
depletion of non-renewable resources-brought to light the stark reality that the modern world is grappling with an
escalating challenge regarding the mounting costs of energy consumption and operational management. In
response to these pervasive challenges and in a concerted effort to mitigate energy demand within the architectural
and construction sectors, relying solely on conventional thermal insulation is no longer sufficient. Instead, it is
imperative to implement a holistic, multifaceted set of strategies to enhance energy efficiency and curtail waste.
One of the most prominent and viable solutions involves the intelligent integration of renewable energy sources,
particularly solar energy, by harnessing the rooftops of buildings. This approach not only alleviates financial
burdens but also plays a pivotal role in reducing environmental pollution through the transition toward sustainable,
clean energy alternatives.

Given that buildings serve as the fundamental pillars of national development, they inevitably account for a
substantial portion of global energy consumption and natural resource extraction. Consequently, the precise,
engineering-oriented design of building components-most notably the roof-can exert a profound and
transformative influence on curbing excessive energy consumption while simultaneously ensuring optimal
thermal comfort for inhabitants. The roof, as an essential element of any structure, is constantly exposed to the
direct impact of atmospheric conditions, diurnal temperature fluctuations, and environmental variables throughout
the day and night cycle. Furthermore, due to its significant surface area relative to other building components, the
roof serves as a critical nexus for heat transfer and energy loss, thereby underscoring its strategic importance in
building design.

In general, the imperative to prioritize climatic conditions and solar radiation patterns during the design and
construction phases is justified from two fundamental perspectives: Firstly, a structure that is intelligently
harmonized with the local climate can provide a superior quality of living space and enhanced thermal comfort
for its occupants. Secondly, this climatic synchronization inherently leads to significant and sustainable energy
conservation. Therefore, it can be concluded that informed decision-making in the design process, coupled with
the strategic selection of building components and the optimization of roof forms, represents a highly effective
pathway toward achieving energy-efficient and sustainable architecture.

The primary purpose of this research is to gain a deeper understanding of roof geometries to facilitate efficient
design by comparing solar energy gain across various roof configurations. Considering the environmental and
economic impacts of fossil fuel consumption, alongside Iran’s geographical potential for significant solar energy
harvesting, implementing appropriate roof design patterns through passive design strategies can effectively reduce
building energy consumption. The overarching goal of this study is to highlight the importance of roof design
among architects and construction professionals, emphasizing its substantial impact on optimizing building energy
efficiency. The specific objectives of this study are as follows:

Reviewing various building roof types and selecting the most prevalent ones for detailed investigation.
Comparing four common roof configurations based on their solar energy absorption potential in cold climates to
identify the most efficient model. In line with these objectives, the study addresses the following research
questions:

Is there a correlation between building roof geometry and energy consumption during the cold seasons? If so,
what is the nature of this relationship?

How can architectural design and the selection of an optimal roof form reduce building energy consumption during
the cold seasons? In recent years, numerous studies have addressed building envelopes, such as walls and roofs,
focusing on energy efficiency and consumption reduction to achieve higher performance. However, there remains
a research gap regarding the design of optimal roof forms to maximize heat gain specifically using prevalent roof
types in cold climates. This study seeks to address this issue through a comprehensive investigation of roof
geometries to identify the form that yields the highest solar energy absorption.

To answer the research guestions, a library-based study was conducted to establish the literature review and
background. The research employs a case study approach, utilizing computer simulation for the holistic analysis
of the projects. Computer simulation provides a controlled environment to analyze the thermal behavior of
building roofs incrementally, allowing for a more precise estimation of the potential and performance of various
roof types. Since investigating the thermal behavior of diverse roof forms at a real-world scale and volume is
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impractical, this study employs a numerical-comparative method, maintaining the area of other building
components constant.

Due to the diversity of roof forms and to ensure a comprehensive and accurate assessment of energy reception,
only the most common roof types found in Iranian architecture were selected. Specifically, four prevalent roof
types-flat, domed, 30/60 pitched, and 45/45 pitched-are considered. Each type is analyzed individually across
different months of the year using Energy Plus software to reach optimal conclusions. To ensure the precision of
the simulation results, all other variables-including building materials, internal and external cladding (considering
the varying thermal conductivity of different materials), building area, window size and type, orientation, roof
color, and other components-are kept constant across all four models.

Ultimately, based on the data extracted from the energy analysis software, it is concluded that the 30/60 pitched
roof emerges as the most viable option.

The selection of the 30/60 pitched roof is justified by several critical factors. A detailed examination of the solar
radiation tables (measured in W/m2W/m"2W/m2) reveals that while the flat roof achieves higher energy gain
during the specified cold months compared to the 30/60 pitched roof, it also experiences the highest solar
absorption during the peak summer month (June). This excessive summer heat gain constitutes a significant
thermal disadvantage. Furthermore, considering the study site is located in the Velenjak region-an area
characterized by high precipitation (snow and rain)-the implementation of flat roofs is impractical due to drainage
and structural concerns. Consequently, the 30/60 pitched roof is identified as the superior design choice for this
context.

Regarding the design of roof forms in cold climates, the findings suggest that roof geometries should minimize
their exposed surface area to mitigate heat loss. Ideally, the design should aim for a higher volume-to-surface area
ratio, ensuring that a larger interior volume is enclosed by a relatively smaller external surface.

Furthermore, the study highlights several advantages of pitched roofs:

Thermal Buffer Zone: The attic or the interstitial space between the pitched roof and the interior ceiling can
function as a thermal buffer zone.

Energy Conservation: This buffer zone acts as an intermediary space, significantly reducing thermal energy loss
and enhancing overall energy efficiency.

Aesthetic Value: Beyond functional benefits, these roof forms contribute to the architectural aesthetics of the
building.

Based on the analyzed data, the hierarchical ranking of roof forms according to their solar energy absorption
capacity is as follows:"

The results of the solar radiation absorption analysis are summarized as follows:

1. Annual Solar Radiation Absorption (Total Wattage):

In terms of cumulative annual solar absorption (measured in Watts), the hierarchy of roof forms is ranked as
follows:

45/45 Pitched > 30/60 Pitched > Domed > Flat

2. Monthly Solar Radiation Absorption (Intensity in W/m2):

Regarding the solar radiation intensity (measured in W/m2) during the specific cold months (December, January,
and February), the ranking is as follows:

Flat > 30/60 Pitched > Domed > 45/45 Pitched"
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