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Optimizing energy consumption in the building sector is one of the most
important strategies for achieving sustainable development. In this
context, the layout of building blocks plays a crucial role in managing
energy use, especially in cold climates. This study aims to analyze the
impact of different building block layout patterns on heating energy
demand in the cold climate of Tabriz city. The research was conducted
using numerical simulation with EnergyPlus software. By keeping
independent variables constant such as the thermo-physical properties of
materials and environmental conditions and parametrically varying
geometric factors like the arrangement of blocks (compact, detached, and
semi-detached), the study examined how these layouts affect overall
energy consumption in building complexes. Hourly climatic data from
Tabriz were utilized for the simulations. Results showed that the semi-
detached block layout improved energy performance by 8.76 % compared
to the detached arrangement. Moreover, the compact layout performed
best among the examined scenarios, achieving a 16% improvement over
the detached layout. These findings can guide the optimal design of
residential neighborhoods in cold climates, contributing significantly to
reducing energy consumption and enhancing economic efficiency.
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Extende Abstract

Introduction

Optimizing energy consumption in buildings is a key strategy for sustainable development, particularly
in cold climates where heating demands constitute a major portion of annual energy use.The spatial
layout of building blocks significantly influences energy efficiency by affecting heat loss, solar gains,
and natural ventilation. Despite previous studies, there is limited research focusing on local climatic
conditions of cold regions in Iran, such as Tabriz.

This study aims to analyze the impact of different building block layouts on the annual heating load in
cold climates, using Tabriz as a case study. The research identifies layout configurations that minimize
heating energy demand, providing guidance for energy-efficient urban design.

Methodology

A parametric numerical simulation approach was employed using EnergyPlus (version 23.1.0). Three
building block layouts—compact (cube-shaped), semi-detached, and detached—were modeled. All
building materials, physical properties, and environmental conditions were kept constant to isolate the
effect of layout on heating demand. Climate data for Tabriz, including temperature, solar radiation,
humidity, and wind speed, were integrated into the simulation. Thermal zones were defined for each
block, and annual heating loads were calculated for comparison

Results and Discussion

The findings indicate that the building layout strongly affects heating energy demand. The detached
layout exhibited the highest heating load due to increased exposed surface area, while the semi-detached
layout reduced the heating load by 8.76% compared to the detached arrangement. The compact (cube-
shaped) layout achieved the best performance, lowering the heating load by 16 % relative to the
detached configuration. These results highlight the potential for significant energy savings solely
through strategic layout planning, without changing construction materials or increasing costs.
Conclusion

Careful consideration of building block layout can substantially enhance energy efficiency in cold
climates. Compact arrangements reduce heat loss, improve solar gain utilization, and optimize natural
ventilation. These findings offer practical guidance for architects, urban planners, and policymakers
aiming to develop energy-efficient and sustainable residential neighborhoods in cold regions.
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