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Abstract

Heat transfer through glazing - particularly on the southern windows - can significantly increase indoor
temperature fluctuations. Hence, the use of transparent fagades is essential for providing adequate natural
daylight. In residential buildings, especially in temperate and humid climates such as Guilan, where overcast
days are more frequent and occupants tend to spend longer periods indoors, controlling energy through window
openings becomes more challenging. This study aimed to optimize the size and proportions of south-facing
windows in rural dwellings of eastern Guilan to reduce energy consumption while ensuring sufficient daylight
availability. To begin, residential buildings in Hosseinabad village (the city of Rudsar) were classified based on
building components and climatic requirements using the Analytic Hierarchy Process (AHP). The most prevalent
typologies were then simulated for energy performance using Rhino software and its Honeybee plugins. In the
low-energy-consumption samples, southern openings—identified as contributing to increased energy demand—
were further examined for optimization. Variables such as opening proportions, width, height, OKB, and WWR
were analyzed. By keeping all other building components and openings constant, and using the Wallacei plugin,
the optimal dimensions and ratios for southern openings were determined. Results showed that in the optimized
state, annual energy consumption was reduced by 153.49 kWh. The proposed modifications, compared to the
existing conditions, showed an average change of -33.3% in width, -22.22% in height, +50% in OKB, and -
39.89% in WWR across the three southern-facing spaces. These changes resulted in a 0.62% reduction in energy
use according to sDA standards. Additionally, the average optimized WWR was 9% lower, leading to a further
reduction of 73.15 kWh/year, or 0.22% in total energy consumption.

Keywords: Optimization, South-facing Window Dimensions, Rural house in the city of Rudsar, Energy
consumption

Highlight
- There is a wide variety of rural residential building types in eastern Guilan, based on the region’s
climatic design components.

- The proportions of window openings generally play a significant role in the energy consumption of
rural residential buildings in eastern Guilan.

1. This article is derived from the first author's doctoral dissertation titled "Optimizing the Dimensions (Proportions) of
Southern Openings in Rural Buildings in Guilan with an Approach to Reducing Energy Consumption," which was conducted
at the Islamic Azad University, Damghan Branch, with the guidance of the second author and the advice of the third and
fourth authors.
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Extended Abstract

Introduction

In the field of buildings, reducing global warming and energy consumption is becoming increasingly important.
However, with the increasing population and shortcomings in environmental policies, buildings face significant
challenges. Improper energy consumption habits, inefficient equipment, and inadequate construction processes
contribute to excessive energy use. The building sector accounts for a substantial portion of global carbon
emissions and energy consumption. In Iran, energy consumption is higher than the global average and has
continued to rise in recent years. The building sector, primarily reliant on natural gas and oil, accounts for nearly
half of this increase. In Guilan Province, the influx of migrants, increased construction permits, and growing
rural migration have further amplified energy demand. Architectural design and building elements can play a
critical role in reducing energy consumption. These include the use of suitable materials and thermal insulation,
high-performance glazing, optimal building orientation and dimensions, shading devices, and effective thermal
management of openings, among other factors. In this study, aiming to reduce energy consumption, existing
residential buildings in the village of Hosseinabad (the city of Rudsar)—which has experienced the highest
number of constructions permits in recent years—were selected as the case study. The selection was based on
demographic trends and the region’s recent energy demand growth. The central research questions were: Based
on the ranked regional climate-responsive design criteria, what types of residential buildings exist? Among the
most frequent building types, which sample demonstrates the lowest energy consumption? And what is the
optimal form of its key architectural element in terms of energy efficiency?

Methodology

This study employed a mixed method comprising the prioritization of climatic design needs and components,
and building energy simulation and optimization. The selection of the village and the ranking of design
requirements were based on climate-responsive architectural criteria. Residential samples were selected based on
construction year and spatial configuration. These samples were analyzed using energy simulation software, and
the most energy-efficient model was identified. Finally, the key energy-influencing component of this model was
optimized using a genetic algorithm, targeting reduced energy consumption and improved sDA index.

Results and discussion

In this study, the Analytic Hierarchy Process (AHP) was employed to calculate the weights of design criteria and
components. The psychrometric chart and outputs from the Climate Consultant software were used to determine
the weights of climatic design strategies. Based on the prioritization results, window dimensions were identified
as the most influential component in climate-responsive rural housing design. During the construction and
operation phases, several components—including window dimensions, building materials, semi-open and closed
spaces, spatial layout and plan shape, building volume and form, and orientation—were analyzed. Initial field
surveys were conducted to classify the samples based on the frequency of construction periods. Furthermore,
residential types and subtypes were identified according to their architectural features. Among these,
configuration No. 62, with a northeast—southwest orientation and an area of 143.45 m2, was selected for detailed
analysis. The southern windows of the building had the most significant impact on energy consumption and solar
capture. Consequently, the dimensions of these windows were optimized to reduce energy use. Given the
region’s cloudy climate, daylight access was also considered, and the relevant daylight metric was included in
the evaluation. Ultimately, optimized strategies for reducing energy consumption while enhancing daylight
performance were identified.

Conclusion

Residential buildings typically consume more energy compared to other building types, primarily due to
environmental conditions and internal energy usage behaviors. By controlling various design parameters and
components, energy consumption can be significantly reduced. In this study, different residential typologies
were examined based on climatic design principles to identify those with optimal energy performance. Typology
11, with a frequency of 10.77%, included samples featuring similar characteristics such as double-skin roofs,
modern materials, and WWR between 10-20%. Among these, sample 62 demonstrated the lowest energy
consumption—172.40 kWh/m?2 per year—and was selected for optimization based on the key parameters such as
window width, height, and sill height on the southern facade. The internal spatial layout and orientation varied
among samples; sample 62 featured public spaces to the east and south, and private spaces to the west. The
optimization process aimed to reduce energy consumption and improve the sDA index. The optimized
configuration achieved an energy consumption of 171.33 kWh/m?2 per year, with satisfactory sDA performance
in the southern windows of the living and guest rooms.
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