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Windows serve as a critical architectural element for channeling daylight into
interior spaces. When designed in alignment with functional requirements, temporal
patterns, and climatic conditions, they can transform daylight into a primary lighting
source, enhancing occupants' visual comfort while significantly reducing energy
demand for artificial lighting and thermal regulation. This study aims to evaluate
window design parameters—including geometry, positioning, and Window-to-Floor
Ratio (WFR)—through the lens of visual comfort, and subsequently analyze their
impact on energy efficiency in north-facing fagades of Tehran’s office buildings.
Using Design Builder software, parametric modeling and simulation of multiple

scenarios were conducted to optimize window configurations. Findings reveal that
WEFR, window shape, and placement directly influence indoor illuminance levels.
Specifically, horizontally oriented rectangular windows (aspect ratio 1:1.5) with a
WEFR of 20%, positioned in the upper section of the fagade, emerge as an optimal
solution for balancing daylight provision and energy performance in Tehran’s north-
oriented office buildings.
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Introduction

The imperative to reduce energy consumption in recent decades—driven by the dual objectives of
minimizing fossil fuel reliance and leveraging the proven psychological and physiological benefits of
natural light—has established daylight utilization as a fundamental principle in sustainable building
design. Among building components, windows serve as the primary conduit for daylight transmission
into interior spaces. However, inadequate consideration of regional climate and functional
requirements in window design parameters (e.g., size, geometry, and placement) has resulted in
suboptimal lighting conditions, ranging from insufficient illumination to excessive glare. Addressing
these challenges necessitates systematic optimization of window specifications to enhance luminous
quality while reducing electrical energy demand in existing structures.
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This study aims to identify the optimal window-to-floor ratio (WFR), geometry, and placement for
office spaces in Tehran, with dual objectives:

e Ensuring annual daylight sufficiency aligned with functional needs.

e Minimizing energy consumption to achieve thermal comfort thresholds.

By developing climate-responsive models for north-facing facades, this research provides
actionable strategies to improve daylight efficiency and reduce operational energy consumption in
office buildings.

Methodology

This study was carried out using the Design Builder software. The research process includes several
steps: Initially, concepts related to daylight and energy use are analyzed based on previous studies and
theoretical frameworks. Following that, the independent variables—such as shape, location, and the
ratio of opening area to floor area—are identified alongside the dependent variables, which are visual
comfort and energy consumption. Since office spaces come in many shapes and sizes, the main living
area serves as the reference model for creating scenarios in Design Builder, in line with national
regulations. Once the scenarios are developed, they are evaluated first on the basis of visual comfort,
and then the best models are chosen according to visual comfort standards. Finally, the top scenarios
for visual comfort are assessed regarding energy consumption, leading to the identification of the most
efficient models for each case.

Key Results

Following the research, it can be concluded that a horizontal rectangular window on the upper part of
the northern facade, featuring a ratio of 1.5:1 and a window-to-wall ratio (WFR) of 20%, is an
effective choice for office buildings in Tehran according to the (LEED v4) standards for energy use.
Nevertheless, it’s important to emphasize that a horizontal rectangular window with a 2:1 ratio and a
WFR of 50% has shown superior results concerning daylight criteria (in both LEED v2/v4 and
daylight factor) despite slightly increased energy usage, making it another viable option for the upper
northern facade. Furthermore, for the central and lower sections of this facade, a vertical rectangular
window with a 1:2 ratio and a WFR of 30% serves as an effective choice for Tehran office buildings
based on (LEED v4) guidelines and energy efficiency.
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