
STUDENT RESEARCH

Harnessing the Power of Green: A Simulation-Based Study on the Energy Efficiency and 
Benefits of Green Roofs in Modern Architecture
SYNOPSIS 
The urban heat island (UHI) has constantly searched for a sustainable remedy in recent years. Especially the demand for 
expanding green areas conflicts with the urban high-density architecture. The application of green roofs has emerged as a 
potential future trend. With regard to the concrete quantification of the environmental contribution of green roofs, plenty of 
uncharted research fields still exist. 
The research presented a simulation comparing results from an energy model of six urban buildings for assessing building 
energy consumption and UHI mitigation. The outcomes provide a comparison of the heating and cooling performance after 
retrofitting buildings with green roofs, together with an assessment of the building performance changes from installing the 
Plantabox system as a green roof, to elucidate the reasons behind the differences on energy consumption.

AUTHORS

1 Luowen Lyu
2 Gabrielle Duani

1 Ralph.Fares
2Stephen Matheson

1 Peter Irga
2 Fraser R Torpy

RESEARCH SUPERVISOR

Assoc. Prof Fraser R Torpy
Dr Peter Irga 

AFFILIATIONS
1. Plants and Environmental Quality Research Group (PEQR), School of Civil and 
Environmental Engineering, Faculty of Engineering and Information Technology, 
University of Technology Sydney, Ultimo, Australia
 
2.Plants and Environmental Quality Research Group (PEQR), School of Life 
Sciences, Faculty of Science, University of Technology Sydney, Ultimo, Australia

Grant details
Funding body: NSW Government Department of Enterprise, Investment and Trade 
(CG2) / Plantabox Pty Ltd (CG3)
Grant Scheme: Small Business Innovation & Research (SBIR) Program. Feasibility 
Study (Phase 1) Funding
Project title: Plantabox for Targeting the Urban Heat Island Challenge. (2024).

OBJECTIVE

Quantifying the contribution of the green roof to the 
environment, in particular to the overall energy 

performance of different types of urban architecture.

METHODOLOGY

The simulation extension of the plant boxes on the roof, 
in combination with SketchUp building models and 

energy calculations from EnergyPlus (using OpenSudio 
software).

ESTIMATED 
RESEARCH LENGTH

The modelling analysis required further validation in 
relation to a series of field studies, which took about 5 

months to complete.

BACKGROUND

The urban heat island (UHI), leading to high 
temperatures inside the city, has been an 
ongoing area of significant concern over recent 
years. The consequences for the public include a 
potential 20% higher rate of heat-related deaths; 
increased heat-related illness complications; 
and energy and economic costs. by 2019, 46% of 
Sydney residents were suffering from the UHI.
The installation of green roofs on buildings has 
been identified as a potential solution to this 
issue, as it provides an effective increase in 
urban green space as well as compatibility with 
urban-specific high-density planning.

EXPECTED RESEARCH CONTRIBUTION

A building simulation based on the 
International Building Code (IBC) and 
ASHRAE Handbooks, combined with 
weather data, as well as previous literature 
relating to green roof parameters. A reality-
based simulation of the building analyses 
enables the quantification of the 
contribution of green roofs to the urban 
environment.
Furthermore, based on the software simulation 
with building models, changes in the 
construction performance of buildings allow for 
further elaboration on the mechanisms by 
using green roofs to save energy.

REFERENCES
[1] T. Susca, S.R. Gaffin, G.R. Dell’Osso, Positive effects of vegetation: Urban heat island and 

green roofs, Environmental Pollution 159(8) (2011) 2119-2126. 

[2] L.S.H. Lee, C.Y. Jim, Thermal-irradiance behaviours of subtropical intensive green roof in 
winter and landscape-soil design implications, Energy and Buildings 209 (2020) 109692. 
[3] N.H. Wong, Y. Chen, C.L. Ong, A. Sia, Investigation of thermal benefits of rooftop garden in 
the tropical environment, Building and Environment 38(2) (2003) 261-270. 

FLIR IMAGERY OF PARRAMATTA TEST SITES

ANNUAL BUILDING SENSIBLE HEAT GAIN 
COMPONENTS

MONTHLY HVAC LOAD PROFILES 10 FLOORS 
COMMERCIAL BUILDING


	Slide 1

