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Highlights

e All four native plant species (Sedum, creeping thyme, Carpobrotus, Frankenia) reduced total annual energy
consumption in the school by approximately 17-18% compared to a conventional roof.

e Sedum species provided the best overall performance, reducing total energy use by 17.7%, cooling load by 17.8%,
and heating load by 17.4%.

¢ Frankenia laevis was particularly effective for cold seasons, achieving a 28.7% reduction in heating energy demand.

e Green roofs significantly lowered roof surface temperature (up to 7.8°C in summer) and reduced annual CO-
emissions by up to 7.5%.

e This study fills a critical research gap for temperate and humid climates in Iran, offering practical design guidelines
for educational buildings.

Extended Abstract

Intoduction

Rising energy costs and greenhouse gas emissions have made energy optimization in educational buildings a priority.
Green roofs, as a passive sustainable technology, provide natural thermal insulation and can reduce cooling loads by
up to 70%. However, their energy performance is highly dependent on plant species. While extensive research exists
for hot and dry or cold climates, the impact of plant species diversity on green roof efficiency in temperate and humid
climates—characterized by high humidity and abundant rainfall—remains unexplored. This study investigates how
four plant species affect energy consumption, heat transfer, surface temperature, and CO- emissions in a school in
Babol, Iran. Ultimately, it provides practical recommendations for selecting the most optimal plant species suitable for
the climatic conditions of temperate and humid regions.

Theoretical Framework

This research is grounded in building energy modeling and passive design principles. Previous studies show that green
roofs reduce heat gain in summer and heat loss in winter through evapotranspiration, shading, and insulation. However,
systematic comparisons of different plant species under temperate and humid conditions on an actual educational
building are lacking. The primary criteria for plant selection in this climate are resistance to high humidity and the
ability to grow in shaded or semi-shaded conditions, as roofs may not be fully exposed to direct sunlight. In addition,
plants should be resistant to root rot caused by excessive moisture and have moderate water requirements to prevent
resource waste. This study addresses that gap using a quantitative simulation-based framework.

Methodology

A dynamic simulation was performed using Design Builder (Energy Plus) for a 12-classroom school in Babol
(temperate and humid climate). The baseline model (conventional roof) was calibrated against actual utility bills (9%
error). Four plant species—Sedum, creeping thyme, Carpobrotus, and Frankenia—were modeled with specific
parameters (LAI albedo, emissivity, height). Simulations used a 10-minute time step over one year. The choice of an
energy simulation approach over experimental or analytical methods was made due to the serious limitations of the
experimental method (high cost, disruption to school operations, the need for multi-year monitoring to stabilize
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vegetation, and the impossibility of simultaneously implementing five scenarios) and the inability of simple analytical
methods to dynamically model the hygrothermal behavior of plants. Therefore, this method was identified as the most
accurate and practical way to answer the research questions regarding the impact of green roof plant diversity on energy
consumption optimization in a temperate and humid climate. Outputs included annual heating/cooling energy, roof
heat transfer, surface temperature, and CO- emissions.

Results & Discussion

All green roof scenarios reduced total annual energy consumption compared to the baseline (31,150 kWh). Sedum
achieved the highest reduction (17.7%, to 25,651 kWh), followed by Frankenia (17.6%), creeping thyme (17.3%), and
Carpobrotus (17.2%). Sedum reduced cooling by 17.8% and heating by 17.4%. Notably, Frankenia reduced heating
load by 28.7% (from 12,549 to 8,949 kWh), making it suitable for winter, but its cooling reduction was only 10.1%.
Sedum lowered average roof surface temperature from 23.5°C to 20.1°C and reduced CO: emissions by 7.5% (from
32,401 to 29,984 kg). Statistical analysis (One-way ANOVA, Tukey HSD) showed that Sedum's total energy saving
was significantly better than creeping thyme (p=0.047) and Carpobrotus (p=0.031), but not significantly different from
Frankenia (p=0.842). Nevertheless, Sedum's balanced performance across all indicators makes it the optimal choice.

Conclusion

Green roofs with appropriate plant species are highly effective passive solutions for reducing energy consumption, roof
surface temperature, and CO: emissions in educational buildings in temperate and humid climates. Model validation
using the school’s actual electricity and gas bills (School of Shoqoh) showed that the difference between the simulated
energy use and the real consumption is about 9%, which falls within the acceptable range recommended by common
guidelines for evaluating building energy models. This indicates that the model has sufficient accuracy for analyzing
green-roof scenarios. The sensitivity analysis conducted on key plant parameters and the soil layer also showed that
energy consumption is most sensitive to changes in the reflectance (albedo) and the leaf area index (LAI). Meanwhile,
reasonable variations in plant height and the soil thermal conductivity produce only limited deviations (on the order of
a few percent) in the results. Therefore, the ranking order of species and the resulting conclusion about the optimal
species are robust to parameter uncertainties. Sedum is recommended as the optimal species for green roof design
guidelines in northern Iran. Frankenia can be used as a supplementary species to enhance winter heating performance.
Future research should include long-term field monitoring (3—5 years) and cost-benefit analyses.
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