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The University of Melbourne

Established 1853 

One of the world’s 50 finest universities, #1 in 
Australia

160 years of academic leadership

Advanced HVAC and DecarbonisationLu Aye, FEIT 4 of 20



Faculty of Engineering and 
Information Technology

470+ PhD qualified researchers and teachers

10,000+ students, 4,400+ Masters by Coursework, 
1,000+ graduate research students

Dual accreditation – Engineers Australia and EUR-ACE

Cutting-edge interdisciplinary research and work 
with a range of partners from academia, government 
and industry

At a glance

Advanced HVAC and DecarbonisationLu Aye, FEIT 5 of 20



Faculty of Engineering and 
Information Technology

Biomedical Engineering

Chemical Engineering

Electrical Engineering

Infrastructure Engineering

At a glance

6

Mechanical Engineering

Computing and Information Systems

Advanced HVAC and DecarbonisationLu Aye, FEIT 6 of 20



Department of Infrastructure 
Engineering

Civil, Environmental and Geomatics Engineering Disciplines

Structures, Structural Materials and Built Environment

Geotechnical Engineering

Transport Engineering

Project Management

Ocean Engineering

Environmental Hydrology and Water Resources

Geomatics Engineering

Advanced HVAC and DecarbonisationLu Aye, FEIT 7 of 20



Heat Pump Applications, PhD Theses

(Harrison 2017)
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PCM embedded radiant chilled ceiling (PCM-RCC) 
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Aim: To develop an advanced control strategy to enhance the 
operational efficiency of a newly developed PCM-RCC system.



Effects of grid’s  GHG emission factor on 
Pareto optimality
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Aim: To develop a method to support the residential building retrofit dec
ision making (minimum operational GHG emissions and retrofit LCC.



Sensitivity analysis on energy performance, thermal and 
visual discomfort of a prefabricated house
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Aim: To optimise the envelope components of a prefabricated house to minimise 
Thermal discomfort hour (TDH), Daylight unsatisfied hour (DUH) and LCC.



Hybrid ground source heat pump system
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Aim: To develop hybrid GSHP system with horizontal ground heat 
exchangers (GHEs) suitable for the poultry sheds.



Seasonal solar thermal energy storage 
system for space heating in cold climate
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Aim: To minimise life cycle cost and greenhouse gas emissions for 
residential space heating in cold climate locations.



Transition to Decarbonisation, PhD Theses
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(Wagner & Götz 
2021)



Samples of articles published
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hBDG

Synthetic building 
load profile

k-medoids 
clustering

Local weather
data

Real building
load metering

Techno-economic 
parameters

Energy 
commodity price

GHG emissions 
intensity

• Buildings and 
climates

• GHG emissions 
abatement

• Energy prices

Objective
Minimise total cost 
for the homeowner

Pre-processing

Building energy supply MILP optimisation

Scenarios & 
sensitivities

Inputs and databases
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EWH

HP
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RH

SS

Lp

L
w

RH

SS

SS

EC
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ESWH
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PV: rooftop solar; EWH: electric water heater; ESWH: electric storage water heater; HP: heat pump; RH: resistive heater; SS: split system;
EC: evaporative cooler; H2B: hydrogen boiler; GB: gas boiler; STC: solar thermal collector; BES: battery energy storage; TES: thermal energy storage; L: load

Lh

Lw

Investment costs

Running costs

Supply technology 
mix and size

GHG emissions

Outputs

Electricity
Heating
Hot water
Cooling

Brisbane

Melbourne

Household energy supply decarbonisation

Question: What technologies provide the least-cost
supply of all household energy services
under increasingly tight emission constraints?

Question: What are the implications?

Answer investigated for different:

• Building types

• Climates

• Energy prices

• Grid emissions intensity

Validated building dynamic model and
real-life energy consumption measurements
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Findings

• Different climates and building types, have different GHG emission reduction and cost saving potential

• Significant (30-80%) GHG emissions abatement prospective without significant rise in system and 
household costs, and irrespective of grid emissions intensity

(Vecchi, A., Davis, D., Brear, M., & Aye, L. (2024). Least-cost solutions to household energy supply decarbonisation in temperate 
and sub-tropical climates. Journal of Cleaner Production, 448. https://doi.org/10.1016/j.jclepro.2024.141465)
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https://doi.org/10.1016/j.jclepro.2024.141465


Contact: lua@unimelb.edu.au  
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To have much learning

To be skilled and knowledgeable

To be restrained by a moral code

To have beautiful speech

This is the highest blessing

(Maṅgala Sutta, Sutta Nipāta 2.4)

Many thanks!

mailto:lua@unimelb.edu.au
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The End.
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