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Global warming and climate change pose urgent environmental challenges of the
21st century. Iran emits roughly 996,753 megatons of CO: equivalent annually,
which represents a significant share of global greenhouse gas emissions. The
building sector drives approximately 40% of the nation's total energy consumption.
This study evaluates how vertical green facades (VGFs) affect energy consumption
and carbon emissions in office buildings across five distinct climatic zones in Iran.
Using DesignBuilder and SimaPro software, we modeled and compared three fagade
types: conventional (non-vegetated), direct green facade, and indirect green facade.
We analyzed the data statistically using ANOVA and Tukey's tests in Python.
Results showed that green facades perform differently depending on climate. The
direct green facade in the hot-humid region achieved a 5.17% reduction in energy
use and a 6% decrease in carbon emissions. Meanwhile, the indirect green facade in
the cold climate yielded a 7.29% reduction in energy consumption. In the semi-arid
climate, only the direct green facade demonstrated a positive impact, with a 1.69%
energy reduction. However, in the temperate-humid climate, both green facade types
resulted in increased energy use (2.28-2.43%) and carbon emissions (11.26—
12.21%). Statistical analysis confirmed significant differences (P < 0.05) among
fagade types across all climates, with large effect sizes (> = 0.49-0.81). Two-way
ANOVA revealed a statistically significant interaction between climate type and
fagade type on energy use (P = 0.0032) and carbon emissions (P = 0.0028). These
results provide evidence-based insights for climate-responsive green facade
strategies, which could contribute to sustainable development and climate change
mitigation efforts in Iran.
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Introduction

Office buildings produce substantial greenhouse gas emissions because they consume large amounts
of energy. Potential strategies to mitigate these impacts include improving energy efficiency,
optimizing resource management, and implementing adaptive measures to address climate impacts.
Vertical green systems (VGSs) offer a promising solution by reducing energy demand, lowering
ambient temperatures, and enhancing urban sustainability. Still, further research is required to ensure
accurate evaluation and broader application of these systems. This study investigates the thermal
performance and carbon footprint of three facade types (conventional/non-vegetated, direct green
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facade, and indirect green facade) across five climatic zones in Iran. By analyzing their effectiveness
in diverse climatic conditions, this research aims to provide evidence-based recommendations for
integrating VGSs into sustainable building design, possibly supporting Iran's environmental and
energy efficiency goals.

Methodology

A standardized office model (3x3x3.5 m) was developed and simulated in DesignBuilder for five
cities: Ahvaz (hot semi-arid), Bandar Abbas (hot and humid/tropical), Tabriz (cold semi-arid), Tehran
(semi-arid), and Rasht (temperate and humid). These cities represent Iran's major climate types.
Climate parameters were derived from Iran's National Building Code. The HVAC systems utilized gas
heating and electric cooling. Energy consumption was calculated over a 50-year lifespan. Carbon
emissions were assessed in SimaPro using emission factors of kgCO.e/kWh for natural gas and
electricity. We conducted statistical analysis using ANOVA and Tukey's post-hoc tests to evaluate
differences in energy use and emissions across facade types and climates.

Key Results
Green facade performance depended heavily on climate conditions across regions:

e Hot semi-arid (Ahvaz): Indirect green facades achieved a 2.37% reduction in energy use and a
2.55% decrease in carbon emissions, with a remarkable 89.36% reduction in heating demand.

e Hot and humid (tropical) (Bandar Abbas): Direct green facades resulted in a 5.17% energy
saving and a 6.00% reduction in emissions, likely due to shading and evaporative cooling.

e Cold semi-arid (Tabriz): Indirect facades delivered a 7.29% energy saving, while direct
systems achieved the highest emission reduction at 8.27%, apparently because of enhanced
insulation and wind protection.

e Semi-Arid (Tehran): Only direct facades demonstrated benefits, with a 1.69% energy saving
and a 7.2% carbon reduction; indirect facades led to a 1.84% increase in energy use.

e Temperate and humid (Rasht): Both green facade types resulted in increased energy use
(2.28-2.43%) and emissions (11.26-12.21%), probably because of moisture retention and
limited cooling effects.

Statistical tests confirmed significant differences by facade and climate (p < 0.05), with strong

interaction effects on energy use (p = 0.0032) and emissions (p = 0.0028). Effect sizes were large (n*=
0.49-0.81), indicating a substantial impact.

Discussion and Conclusion

These findings emphasize the importance of climate-responsive design in the implementation of
vertical green systems (VGSs). In hot and cold climates, VGSs can significantly reduce operational
energy use and greenhouse gas emissions. Indirect facades work particularly well in cold climates
given that they provide an additional insulating air cavity, while direct systems offer optimal
performance in hot-humid conditions by reducing solar gain and enhancing cooling through
evapotranspiration. By contrast, temperate-humid climates like Rasht may experience adverse
outcomes given that excessive moisture retention, reduced transpiration efficiency, and increased
cooling demands could occur. Beyond operational energy savings, green facades contribute to carbon
sequestration, estimated at 0.5 to 1.5 kg COz/m?/year, though this varies with plant species and
maintenance practices. This study provides evidence-based recommendations for integrating VGSs
into Iranian green building policies. It also highlights the need for further research into long-term life
cycle costs, maintenance challenges, and the ecological benefits of green facade technologies. By
tailoring VGS implementation to Iran's climatic diversity, architects and policymakers can advance
national sustainability targets while reducing building-sector emissions.
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