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SELF-HEALING AND 

SUSTAINABLE CONCRETES 

Crack formation in concrete, the most popular construction material worldwide, is one of the main 

reasons for concrete degradation. Cracks allow water and corrosive substances to seep inside 

structures and accelerate structural compromise. To increase the service life of cement-based 

structures, researchers have investigated various chemical and biological modes of concrete self-

healing. Certain bacterial species can precipitate minerals like calcium carbonate which can 

remediate structural faults in concrete by mineral precipitation. This class of bacteria have been 

central to biological self-healing concrete research. As direct addition of bacteria to cement 

negatively impacts the viability of the organism and physical properties of cement, immobilisation of 

bacteria has been attempted on different carrier materials. This study aims to investigate the self-

healing potential of biopolymer based capsules containing spores of the alkaliphilic bacteria Bacillus 

pseudofirmus. The first objective of this study is to investigate the impact of immobilisation on spore 

viability. The second objective assessed the spore entrapment potential of biopolymer capsules by 

examining spore leaching from intact and crushed alginate capsules in different pH environments. 

The third objective is to examine the fracture and healing mechanisms behind the self-healing 

concretes using the bacteria. The project will focus on both fundamental and sustainability aspects of 

the self-healing concretes. 
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COST EFFECTIVE PALM OIL MILL EFFLUENT (POME) 

TREATMENT PROCESS VIA INTEGRATION OF FORWARD 

OSMOSIS (FO) TO ENHANCE FERTILIZER IRRIGATION AND 

BIOGAS PRODUCTION 

POME, liquid waste generated from palm oil milling process is a high-strength 

wastewater that requires extensive treatment to prevent water pollution issues. 

Nevertheless, POME treatment is currently conducted in an inefficient manner and 

effluent discharge standards of POME has been tightened in view of large volume 

discharged. Therefore, this project aims to propose a cost effective POME treatment 

process which utilizes forward osmosis to (1) produce permeate for fertilizer irrigation 

and (2) produce a concentrated POME that can be used to enhance biogas production 

via anaerobic digestion. The cost effectiveness of the proposed system will be evaluated 

against existing POME treatment process. It is expected that the output of this project 

will drive improvements to current practice of POME management, leading to a more 

sustainable POME treatment process.  
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A GENERAL MATHEMATICAL FRAMEWORK FOR MODELLING THE 

PROCESSING OF CELLULOSE PARTICLES: MULTI-DIMENSIONAL 

POPULATION BALANCES AND INVERSE SOLUTIONS 

Despite cellulose being an important source of renewable biomass, the exact mesoscopic structural 

composition, i.e. the different arrangements of cellulose polymers that form either crystalline or amorphous 

regions in the macropolymer, is still poorly understood. Fundamental understanding of cellulose particle 

structure is paramount to accurate and efficient control of cellulose particle size distribution, which is 

important in many engineering applications. Our team has studied the microscopic features of polymeric 

biomass (i.e. attributes related to polymer chain lengths) by population balances since 2013, and has made 

progress in particular in the advancement of population balances for natural polymeric applications. This 

project builds on our experience and aims to establish a multi-dimensional population balance framework 

for cellulose that will: a) capture how the polymers with varying chain lengths at the microscopic level are 

stacked to form the mesoscopic view of crystalline and amorphous regions, and b) account for the temporal 

and size evolutions of polydispersed cellulose particles undergoing hydrolysis. The subject of inverse 

solutions with regards to cellulose modelling will also be explored. All computations will be done using 

customized codes which are developed in-house in the MATLAB environment. The framework will be used 

to determine the most plausible hypothesis underlying the mesoscopic structural arrangements of cellulose. 

Model predictions will be validated against existing literature and in-house experimental data. Ultimately, 

this research aims to provide fundamental insights into cellulose processing, which will greatly impact the 

way cellulose particles are engineered in the future.  
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SMART PAVEMENT CRACK DETECTION AND REPAIR 

Pavement surface crack is a very common distress for urban streets and highways. The timely 

repair for cracks is important to prevent water intruding into pavement to damage road 

structure. Current practice in the detection of pavement crack is usually visual-based and the 

repair is conducted manually. Our goal in this project is to develop a platform to detect and 

repair pavement cracks in an automatic manner. Compared to current practice, such platform 

is more reliable, more efficient, lower traffic disruption and safer. The platform is composed of 

three parts: the detection system, the repair system, and the operation system linking the two. 

In detail, the automatic crack detection is achieved via pavement surface imaging by camera 

and image processing based on grayscale difference between cracks and regular parts. Then 

the detailed geometrical information of the cracks (i.e. coordinates and width) are imported 

into the operation system, which will give orders to the repair system to feed sealing materials 

into the cracks automatically. No physical labour is related in the whole process except for the 

vehicle driving. The first year goal is to establish a demo platform which can prove the 

feasibility of the larger scale platforms. The second year goal is to create lab scaled platform 

for both the detection and repair. At the end of the third year, the research team aims to 

establish field scale machines which can directly work on real pavement  
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OPTIMISATION OF HYBRID AND DECENTRALISED GREEN 

URBAN WATER INFRASTRUCTURE UNDER A CHANGING 

CLIMATE 

With anthropogenic pollutants and under a rapidly warming climate, environmental waters are 

at an ever-increasing risk of becoming contaminated, threatening ecosystem health, drinking 

water quality, food supplies and recreational and commercial activity. Climate variability is 

putting extra pressure on urban water infrastructure and environment. The 2018 edition of the 

World Water Development Report (WWDR 2018) addressed the potential of decentralised 

Green Infrastructure (GI) including green walls, bio-fillers and constructed wetlands to tackle 

contemporary water management challenges across all sectors, and particularly regarding 

water for sustainable cities and water quality. The aim of this multi-disciplinary project is to 

investigate the design optimisation of decentralised and hybrig GIs on attenuating urban water 

(greywater and stormwater) nutrients under a changing climate in Australian and Malaysia 

context. Multiple hybrid GIs to be investigated in different climatic, hydrological and 

biogeochemical conditions. The project will bring together the knowledge of GI design, 

monitoring, nutrient cycling, 2D image processing and data science to deliver optimum GI 

function for future cities. The research contains the aspect of fieldwork, laboratory analysis 

and modelling work. 
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DEVELOPMENT OF A VIRTUAL REALITY PROTOTYPE FOR 

FULLY-INTEGRATED SURFACE WATER-GROUNDWATER 

MODELLING 

Anthropogenic activities have shown significant impact on water cycle. To achieve sustainable utilisation 

and management of limited available water resources needs to study from an interdisciplinary perspective, 

where hydrology, ecology, geomorphology, and climatology are integral drivers. Particularly, where SW and 

GW are typically hydraulically-interconnected, the efficient approach is to consider the two domains as an 

integrated system. Integrated SW-GW models have been increasingly used in water resources research 

and management. These models can provide a spatially and temporally detailed description of catchment-

scale hydrologic cycle and simulate a variety of state and flux variables. The development of interactive 

virtual reality application to integrate all the scientific data into a comprehensive system can facilitate the 

interpretation and validation of modelling results. In fact, the visualisation of the modelling results 

significantly improves the understanding of the complex hydrologic cycle and may provide insights into the 

regional water resources management. Indeed, the proposed visualisation tools can promote data and 

model sharing in the water resources research community and make it more practical to perform complex 

hydrological modelling in real-work water resources management. This project aims to design and develop 

a virtual reality application tool specifically for integrated SW-GW modelling, which can display geo-

referenced data sets in a 3D interactive virtual environment. It will ultimately animate time series of fields’ 

data for simplifying the prediction and decision making process (e.g., ET, soil moisture, groundwater level, 

overland flow, etc.) on a virtual 3D interactive environment.  
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ROBUST VISION-BASED 3D MODEL 

RECONSTRUCTION USING MULTIVIEW GEOMETRY 

 3D model reconstruction using multi-view geometry became a popular research subject in 

the last decade and now many commercial and non-commercial software implementations 

are available. Although precise 3D model reconstruction has a wide range of potential 

industrial applications such as infrastructure inspection and monitoring, estimating the 3D 

geometry of real objects under uncontrolled environments from multi-view images is still a 

challenging task. Requirements such as robustness, accuracy, and scalability have 

prevented the adoption of these technologies by the industry. We propose to build a hybrid 

framework to extract highly detailed reconstructions of objects in uncontrolled outdoor 

environments. We will develop a sensor suite that can enhance the quality and the 

robustness of the multi-view reconstruction algorithm. We will also introduce various 

marking techniques using lasers and contact-less printers that can dramatically accelerate 

the reconstruction process. We expect that the proposed system will provide a faster, 

cheaper, and safer way to perform industrial inspections of railways, high-rise buildings, 

and large mining machines than existing manual methods. 
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SUITABILITY OF CARBONATED OIL PALM ASH AS 

SUSTAINABLE FEEDSTOCK FOR SOFT SOIL IMPROVEMENT 

Oil palm ash is typically listed as one of the readily available, yet under-utilised biomass wastes from the 

palm oil industry. Management of the oil palm ash has raised serious environmental concerns, mainly due to 

their persistent, carcinogenic, and bio-accumulative effects when exposed. Research finding over the 

previous decades has shown increasing interest exploring alternative methods to utilise oil palm ash in 

developing value added products and processes. Few notable attempts include the palm ash’s application 

as novel absorbents, chemical binders, filler material in rubber industries and sludge treatments. 

Furthermore in construction industries, attempts to modified cement and/or concrete using palm ash, soil 

strengthening and improving soil fertility are amongst the state-of-the-art methods extensively discussed in 

the literature recently. Nonetheless, accelerated carbonation is a well defined procedure with immense 

potential for the treatment of such wastes and contaminated soils leading to CO2 sequestration which has 

always been a major step towards environmental sustainability. Previous experience showing successful 

utilisation of carbonated fly-ash in improving the fertility of soil should not be ignored. However, no 

signification effort in evaluating the suitability of carbonated oil palm ash and related products for their 

application in soil improvement and sequestration was encountered in the literature. The proposed study 

was motivated by this research gap and potential demand. Thus the main aim of this study is to assess the 

suitability of carbonated oil palm ash for its application as an alternative for the soil improvement, in terms of 

fertility and stability in plantations located in soft soil deposits.  
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A RIVER FLOOD RISK MAP PREDICTION FOR FLOOD 

DISASTER MANAGEMENT: ECONOMICAL AND 

ECOLOGICAL ASSESSMENT FRAMEWORK 

Climate change has been threatening human habitats in global scale through increasing climate 

extremes. Flood as one of those extreme events is expected to happen more frequently and severely 

under climate change scenario. In such extreme events, significant change in seasonal river flow regime 

could occur. Certainly, such natural disasters are potential threats for the current planning towards 

sustainable social and economic growth. Therefore, careful strategies need to be developed for future 

adoption and implementation to minimise the impact of these inevitable upcoming extreme floods. In this 

context, river flood risk map prediction is a crucial tool. The proposed project aims to develop an 

advanced river flood risk map prediction in two catchments located in Australia and Malaysia with 

different climate conditions. This map can be used as an economic and ecological assessment tool. In 

the first phase, hydrological and hydraulic modelling techniques will be utilised towards developing an 

accurate river flood risk map using GIS interface. Then, the generated maps will be used to assess the 

economical and ecological impacts of the projected river floods under various climate change scenarios. 

In this phase, remote sensing techniques will be implemented to incorporate the river flood risk map 

using satellite images. Finally in the third phase, various river engineering measures will be examined to 

mitigate the economical and ecological consequences of floods. Upon successful completion, the 

outcomes of this work can be used to minimise the losses in catchments prone to extreme floods.  
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INVESTIGATION OF SUSTAINABLE ELECTRONIC WASTE 

PROCESSING TECHNIQUES IN DEVELOPING 

COUNTRIES 

Electrical and electronic devices at the end of their intended operations are known as electronic waste 

or e-waste. The major components present in e-waste, especially printed circuit boards (PCBs), contain 

about 30 % of metals, while the remaining fractions are plastics, glass fibre and ceramics. The typical 

metals contained in e-waste are copper, nickel, lead, tin, gold, zinc and silver. Conventional methods of 

metal extraction are typically carried out to separate copper and gold, which are the most concentrated 

and highly valuable elements in e-waste, respectively. However, the sustainability of these conventional 

methods remained questionable as they involve vast disposal of solid waste and used acidic solutions 

that have adverse impacts on the environment. Additionally, the disposal of e-waste in landfills is not 

recommended due to its high metal content and the necessity to conserve the metal resources. Hence 

this proposed research is designed to formulate e-waste based metal extraction flow-sheets suitable in 

developing countries, where e-waste management is not well developed and organised. Furthermore, 

an experimental proof-of-concept and validation on metal extraction studies based on relatively larger 

particles of PCBs will be carried out and multiple metals extraction will be targeted. This method would 

provide energy savings compared to the conventional metal extraction studies using much smaller 

particles. In overall, the outcomes from this proposed research are targeted to improve the current 

status of e-waste handling and recycling methods, enhance the recovery of materials from e-waste, 

while minimising metal losses and environmental impacts in developing countries.  
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TOWARDS NEW MATERIAL FUNCTIONALITY: IONIC 

LIQUID GATING OF MULTIFERROIC BiFeO3 THIN FILMS 

The interplay of lattice, charge, orbital, and spin degrees of freedom in strongly correlated oxides 

covers a broad spectrum of intriguing functionalities, such as high temperature superconductivity, 

multiferroics, colossal magneto-resistance, and offers tremendous opportunities for next-generation 

electronic and magnetoelectronic devices. Moreover, ionic liquid (IL) gating has recently emerged as 

a technique capable of producing remarkable modifications in the electronic structure and electronic 

properties of transition metal oxides. This project will focus on the growth of thin films by combining 

materials with different functionalities into nanodevices; these nanodevices will be gated with an 

ionic liquid to tune the properties and trigger new material functionality. Multi-ferroic bismuth ferrite 

(BiFeO3 or BFO) will be used as a model system to tune the properties (electrical, magnetic and 

optical) and induce new phenomena in the material. Thin films of BFO will be grown at Monash 

Malaysia, and devices for IL gating will be prepared from these thin films at Monash Clayton. To take 

advantage of the complementary experimental techniques available at each campus, materials 

characterization will be carried out in both locations (e.g. localized electronic transport in Malaysia 

and bulk electronic and magneto transport in Australia). IL gating will initially be undertaken in 

Clayton to develop an understanding of the system; experimental techniques will be designed in 

Malaysia to enable the ferroelectric properties to be probed during IL gating. 
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FLUID FLOW AND THERMODYNAMIC STUDY FOR NOVEL 

ADSORBENT IN AN ADSORPTION REFRIGERATION SYSTEM  

Vapour-Compression Refrigeration (VCR) system is the most widely used system in refrigeration system. 

Despite the popularity of VCR system, they have varying inherent operational constraints depending on the 

industry and application. For instance, VCR compressors are high-maintenance, have high energy demands 

and the refrigerants used are expensive and in some cases the refrigerants are toxic and cause environmental 

pollutions. In this project, an alternative refrigeration system, knows as Adsorption Refrigeration System (ARS) 

driven by waste heat will be considered. Despite the attractive advantages of ARS over VCR, the widespread 

application of adsorption systems is limited by its rather low coefficient of performance (COP). Due to the fact 

that the performance of adsorption systems is largely determined by the mass and heat transfer process in the 

adsorbent bed, a detailed understanding of the fluid flow and thermodynamics is important to determine the 

best working pairs for this green technology. Since palm-based biochar has porous surface structure with wide 

surface area, such biochar has potential as an effective adsorbent. In this work, an environmentally friendly 

adsorbent derived from palm-based biochar will be used as adsorbent bed. Firstly, porosity and surface 

characterisation will be conducted and the interrelationship of the adsorbent characteristics with the fluid flow 

and thermodynamic performance will be simulated using computational fluid dynamic approach. Next, the effect 

of the adsorption system operating conditions on the system performance will be investigated in detail using 

different refrigerants. Finally, the developed numerical model will be validated with experimental data. The main 

contribution of this research is to provide well founded fundamental knowledge to evaluate the technical and 

economic viability of a shift from VRC to palm-based biochar ARS. 
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DEVELOPING SOLUTIONS FOR HIGH SPEED VISIBLE LIGHT 

COMMUNICATION SYSTEMS AND NETWORK 

Light Fidelity (Li-Fi) is an emerging visible light communications (VLC) technology that exploits the 

light-emitting-diode (LED) as the modulation device for extremely high speed, and visible line of sight 

(LOS) wireless data communications. The fast switching of an LED in nanosecond (ns) rates can 

enable transmission of data in Gigabit per second (Gbps) capacity. LED serves dual functions here 

as: (i) a conventional light source to light up the room or a road, and (ii)  a visible light data 

communication device at speeds much higher than regular Wi-Fi routers. The major goals of the 

proposed research program are to generate an original body of knowledge within next generation 

Internet access technologies with indoor mobility at a speed much higher than that of Wi-Fi as the 

norm, robustness with respect to intrinsic properties of optical wireless medium, future proof with 

respect to upgradability, simplicity with respect to design and technological maturity, and lower 

manufacturing cost and energy efficiency in the form of hardware miniaturization and potential use of 

uncooled optoelectronic devices. The program is well-informed by technology factors such as radio 

spectral congestions at microwave and millimetre-wave frequencies, worldwide deployments of Wi-Fi 

and its shortcomings, energy inefficiency in RF communications, and the potentials of Li-Fi to retrofit 

with the existing LED based ‘green’ lighting installations at minimum charges. 
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MULTI-BAND MULTI-WAVE INDOOR WIRELESS NETWORKS: 

IMPROVING USER EXPERIENCE THROUGH COLLABORATIONS 

Electromagnetic waves such as radio waves, infrared and visible light, all are considered to carry 

information wirelessly. Technologies at lower radio waves (e.g. microwaves) are quite mature and serving 

the world immensely in the forms of UMTS, Bluetooth, WIMAX or Wi-Fi. Technologies at higher radio waves 

such as, millimetre-waves (mmW) and Terahertz (THz), infrared (e.g. FSO: free space optics), and visible 

light (e.g. Li-Fi) are also coming up quite strongly for short-range indoor coverage due to their distinct 

characteristics in terms of network coverage, capacity, bandwidth, technology, network operator, and 

sensitivity to the servicing environment. In such a multi-band multi-wave wireless landscape, when a mobile 

terminal equipped with multiple network interfaces leaves one wireless network and connect to another 

different wireless network, a network handover mechanism has to be in place.  But when to perform, where 

to perform and on what basis to perform the handover, are the main questions which needs to be decided to 

perform an efficient handover in order to maximize both the user perceived Quality of Service (QoS) and 

Quality of Experience (QoE). In this regard the selection of appropriate handover decision attributes and the 

evaluation methods plays an important role. Another important aspect of such multi-band, multi-wave 

wireless environment is the availability of huge bandwidths at any instance of time and space. This can be 

translated to added benefits by developing ‘true’ collaboration among the networks where the Mobile 

Terminal (MT) payloads will be shared by multiple networks simultaneously to further enhance QoS and 

QoE. Proposed research project envisions to develop efficient handover and payload sharing mechanisms 

in future multi-band, multi-wave wireless networks. 
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