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TANVIR ALAM

CHEMICAL ENGINEERING, MONASH UNIVERSITY

Tanvir Alam is a second-year PhD student in the Department of Chemical Engineering at Monash University,
Australia. He completed B.Eng. in Civil and Environmental Engineering from Ahsanullah University of Science
and Technology, Bangladesh with “University Merit Scholarship”. He earned M.S. in Environmental Engineering
from Yonsei University, South Korea with “Outstanding Foreign Student Scholarship” and “Brain Korea 21 Plus
Scholarship”. He was awarded “IconSWM 2015 Excellent Paper Award” in 5th International Conference on Solid
Waste Management held at Indian Institute of Science, Bengaluru, India, and “IconSWM 2016 Excellent Paper
Award” in 6th International Conference on Solid Waste Management held at Jadavpur University, Kolkata, India.
Tanvir’s key research interests are ash slagging and fouling, waste and biomass to energy, thermochemical
conversion and waste management. His doctoral research topic is “biomass ash slagging propensity and its
blending effect on refractory alumina-silicate species”.
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A CRITICAL REVIEW OF ASH SLAGGING MECHANISMS, SLAG VISCOSITY MEASUREMENT

METHODOLOGIES AND THEIR APPLICATIONS TO COAL AND BIOMASS SLAGS
Md Tanvir Alam?, Andrew Hoadley?, Lian Zhang*
! Department of Chemical Engineering, Monash University, Victoria 3800, Australia

E-mail: lian.zhang@monash.edu

Gasification or combustion of coal/biomass is still the most important form of power generation today. However,
the use of coal/biomass at high temperatures has an inherent problem due to the ash generated. The formation of
ash leads to a problematic phenomenon called slagging. Slagging is the accumulation of melted ash on the walls
of the furnace, gasifier, or boiler and is detrimental as it reduces the heat transfer rate, combustion/gasification
rate, causes mechanical failure, high-temperature corrosion and on occasions, superheater explosions®. To
improve the gasifier/combustor facility, it is crucial to understand the key ash properties, slag characteristics,
viscosity and critical viscosity temperature?. This work reviews the ash content, compositions and melting
characteristics of ashes in the differently ranked coal and biomass, and discusses the slag formation mechanism,
characteristics and structure of slag. This work also reviews the available methodologies and formulae for slag
viscosity measurement/prediction and summarises the current limitations and potential applications. Lastly, it
discusses the slagging behaviour of the different ranks of coal and biomass. This review shows that the existing
viscosity models and slagging indices can only predict the viscosity and slagging propensity of coals satisfactorily.
Available slagging indices and viscosity models are unable to predict the slagging propensity and slag viscosity
of biomass ashes, and even if they are limited to a particular composition only. Thus, there is a critical need for
the development of an index or model, which can predict the slagging propensity and slag viscosity correctly for
all biomass ashes.
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PRAKASH ARYAL
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After completing undergraduate degree in Mechanical Engineering and Master’s degree in Renewable Energy
Engineering from Tribhuvan University, Nepal, I’ve spent the last 8 years learning everything there is to know
about the renewable energy technology industry and application in real ground to provide access to clean energy
for rural people thereby reducing consequences of climate change from 2010 to 2018. I’'m currently applying this
my previous academic and work knowledge in my role as PhD research student at Monash University, where I'm
conducting research entitled “techno-economic analysis of hydrogen production from biomass gasification” from
the year 2019. I’'m passionate for technical / experimental research as well as economic and life-cycle modelling.

RENEWABLE HYDROGEN PRODUCTION FROM BIOMASS GASIFICATION: A REVIEW FROM

TECHNO-ECONOMIC PERSPECTIVE
Prakash Aryal, Akshat Tanksale!", Andrew Hoadley*
! Department of Chemical Engineering, Monash University, Clayton, 3800, Australia

E-mail: akshat.tanksale@monash.edu

Global energy demand is estimated to increase by 50% by 2040. At the same time as meeting this growth, energy
supply has to transition from fossil fuels to renewable energy (RE) to reduce CO, emissions and the consequences
of climate change. Hydrogen energy produced from renewable resources can play a vital role as a sustainable
energy carrier. Amongst several routes of H, production, thermo-chemical conversion of biomass into hydrogen
through steam gasification has been gaining much interest. Biomass gasification systems are a promising
technology for the efficient conversion of biomass into hydrogen, but results are limited to a few pilots and mostly
lab scale research, which shows that there is still significant development required to enhance conversion
efficiency as well as some favorable policy support such as a carbon price to assist its progress to commercial
viability. Principally, the economics of hydrogen production from a thermo-chemical route depends on the cost
of biomass, and the energy and exergy efficiency of the plant. The hydrogen yield and capital and operating cost
of the technology can yield comparable results to natural gas-based hydrogen production, if a meaningful carbon
tax is considered and the plant is customized for polygeneration (hydrogen, heat and electricity) production. Some
location specific factors such as labor cost, grid emission factor, RE potential and policies have a significant
influence on the cost of hydrogen production. Hence this review paper considers a techno-economic analysis of
hydrogen production from biomass considering technical, economic and environmental aspects and country-
specific factors of production with special emphasis given to the Australian context.
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Having worked on membrane technology and development, | joined Monash at the end of 2018 as a PhD student
focusing on flow battery separators for the next generation of batteries.

REDOX FLOW BATTERY
Ehsan GhasemiEstahbanati®, Matthew Hill **, Mainak Majumder?, Mahdokht Shaibani?
! Department of Chemical Engineering, Monash University, Australia
2 Department of Mechanical & Aerospace Engineering, Monash University, Australia

E-mail: ehsan.ghasemiestahbanati@monash.edu

Redox flow battery (RFB) is one of the most promising large-scale energy storage systems attracting considerable
attention in recent years due to high energy efficiency, affordable capital cost and economical lifecycle costs
without specific site requirement?.

This generation of batteries store energy in two redox couple electrolyte solutions (i.e. anolyte and catholyte). The
electrolytes are stored in separate reservoir tanks and circulated by pumps through an electrochemical cell stack
composed of a number of cells connected in series or parallel to enable electron transfer reactions taking place at
inert electrodes?. Such cells consist of two electrodes and an ion-membrane as separator to diffuse ions selectively
in general.

The power and energy of RFBs are determined by the number of cells and volume of electrolyte, respectively.
This allows independent sizing of a system in terms of power and energy resulting in lower incremental cost for
additional energy storage capacity without additional cost to the cell stack. In other words, they can be optimized
for either energy and/or power delivery?.
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Miriam Issac completed a Bachelor of Technology degree in chemical engineering from the National Institute of
Technology, Calicut, India. Currently, she is in the final year of her PhD in chemical engineering at Monash
University. She is passionate about sustainable energy practises and her research focuses on utilising waste
materials such as waste tyre and biomass as a source of energy using a highly efficient zero-emission technique,
gasification. She has strong background in computational fluid dynamics (CFD) modelling, kinetic modelling and
experimental studies. Outside the academic research, she is involved with volunteering with Red Cross emergency
services, fundraising for charities, mental health support programs and working with disability support services
at Monash University.

Co-GASIFICATION OF WASTE TYRE CHAR — COAL CHAR: A STUDY ON THE KINETIC
PARAMETERS AND CO, GASIFICATION REACTIVITY

Waste tyre due to its high specific heat capacity has the potential to partially or fully replace coal for energy
recovery by gasification. This study includes a thorough investigation of the char structure, the potential catalytic
influence of minerals in tyre char, the carbon conversion rate, kinetic behavior and parameters of the CO2 -
gasification reaction. In order to ensure the most efficient utilization of a waste material like tyre, all the properties
of tyre char was compared to bituminous char and lignite char. The gasification reactivity was defined using
random pore model (RPM) using the isothermal gasification results collected from thermogravimetric analysis
(TGA). Activation energy and pre-exponential factor for tyre char were determined to be 174.87 kJ/mol and
3.46E-02 g/cm2 s-1/atm respectively. The study revealed that the catalytic role of the inherent minerals within
tyre char is only influential at the temperatures below 1373 K. The study of the single fuels was further extended
to understand the co-gasification of the coal — tyre char blends and efforts were made to explain the reduced
reactivity of the blends. Coal — tyre char blends displayed declining reactivity with increasing tyre char content
which was explained by the partially molten tyre ash that encapsulates the carbon particles, thereby reducing the
reactivity of the blend. Furthermore, the validity of the grain model for the tyre char blends further proves molten
ash layer surrounding the unreacted char blend.
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Brian completed a B Eng/ B Sc double degree in Chemical Engineering and Chemistry and a M Adv Eng in
Renewable and Sustainable Energy. Through his undergraduate degree, Brian gained a keen interest in the
development of renewable energy, which was cultivated and refined through his Master’s degree. To further
nurture his interest, Brian chose to pursue research of renewable energy through a PhD. As a result, Brian’s PhD
project will look at the development of microbial electrosynthesis with Escherichia coli to produce biofuels
through sustainable means. Essentially the research project will allow for the incorporation of the future abundant
supply of renewable electricity with microorganisms, to produce true carbon neutral biofuels, that will help to
mitigate the reliance of petroleum-based transportation fuels.

BIOELECTROSYNTHESIS: HARNESSING RENEWABLE ELECTRICITY TO DRIVE MICROBIAL

PRODUCTION OF SUSTAINABLE FUELS AND CHEMICALS

Brian Jong?, Victoria Haritos!"
! Monash University, Department of Chemical Engineering, VIC 3800, Australia

E-mail: brian.jong@monash.edu

The uses and sources of energy is at a critical transition. Solar, wind and hydrogen have been developed to become
considerable sources of electricity for the future, but there has been lagging development in the production of
renewable fuels, keeping us dependent on oil. Consequently, there is a need to establish processes that
economically and sustainably produce renewable, direct replacements to oil. Bioelectrosynthesis is a developing
technology that is a sophisticated adaptation of photosynthesis, with fuels produced at higher energy efficiencies
compared to traditional biomass methods. The process harnesses renewable electricity to produce current and
supplies this to microbes whereby they overcome energy barriers in metabolic processes and allow for
improvements of energy-demanding biosyntheses. For example, the production of the versatile fuel and chemical
intermediate, butanol, can be produced in E. coli genetically engineered with the introduction of a metabolic
pathway from Clostridia microbes. Formation of butanol from acetyl-CoA within E. coli, consumes 8 electrons
per molecule of butanol formed and requires a driving force®. Furthermore, introduction of the foreign metabolic
pathway removes electrons from essential cellular processes, limiting microbe performance. Bioelectrosynthesis
can provide the driving force and overcome the internal energy deficiencies that may result from introducing the
energy-demanding metabolic pathways.
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Bioelectrosynthesis has considerable potential, but for this to be realised more research is required. Existing
systems utilise little known microbes like Geobacter sp. but are limited as they require strict anaerobic growth
conditions, cannot be easily engineered and have not been used in large scales. These limitations are overcome
using E. coli and engineering it to accept an external supply of electrons to drive metabolic pathways that produce
renewable fuels like butanol. Little work has been performed that combines these two aspects of microbial
engineering, so successful execution would allow for considerable benefits and delve into unchartered territory.
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Jia Wei received his B.S. degree in Chemical Engineering from Monash University in 2018. He is currently
pursuing his M.S. degree in Chemical Engineering under the supervision of Dr. Parama Chakarborty Banerjee at
Monash University. His research interests include nanomaterials, energy storage materials and systems.

HIGH-PERFORMANCE RECHARGEABLE MG-AIR BATTERY
Jia Wei Leng'?, Parama Banerjee!?*
! Chemical Engineering, Monash University, Clayton Campus, Australia
2 Multiscale Electro-Materials Laboratory (MEML), Bldg 37, Monash University, Clayton Campus, Australia

E-mail: jia.leng@monash.edu

In light of rapid population growth, a rising global energy demand is expected to allow for continual improvement
of living standards. Besides efforts to explore and improve new energy sources, a different energy storage system,
with a higher energy density than the current Li-ion battery, also needs to be incorporated to satisfy the growing
demand.

Metal-air battery system is a promising candidate for future energy storage application owing to its high
theoretical energy density and low cost?. Mg-air battery, when compared to the extensively researched Li-air
battery, has a higher energy density® and superior safety, cost, and availability*. If made rechargeable, the Mg-air
battery has the potential to revolutionise the energy storage industry. Recent progress on rechargeable Mg-air
batteries has been accomplished in non-aqueous systems but showed low round-trip efficiencies, limited
cyclability and considerable overpotentials. Our work aims to produce a high-performance rechargeable Mg-air
battery with the use of redox mediators in a non-aqueous system to significantly improve the cyclability while not
compromising the high energy density.
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Mr. Manas Ranjan Panda is currently a Ph.D. student in 1ITB-Monash Research Academy (A joint research
collaboration between Indian Institute of Technology Bombay, India and Monash University, Australia) under the
supervision of Prof. Sagar Mitra (IIT Bombay) and Prof. Qiaoliang Bao (Monash University). He received his
B.Sc. degree in Physics Honours from Utkal University of Odisha, India and M.Sc. in Physics from Pondicherry
University, Pondicherry, India with a specialization in Condensed Matter Physics. Manas's research is focused on
two-dimensional layered materials for energy storage and optoelectronic applications using synchrotron radiation
based techniques like X-ray Diffraction, X-ray Absorption spectroscopy (XANES and EXAFS), Photoelectron
Spectroscopy, etc.

MOLYBDENUM DITELLURIDE: A HIGH RATE ANODE FOR SODIUM-ION BATTERY
Manas Ranjan Panda’ 23", Sagar Mitra? and Qiaoliang Bao®
'ITB Monash Research Academy, 11T Bombay, Powai, Mumbai, India
2Department of Energy Science and Engineering, IIT Bombay, India
3Department of Materials Science and Engineering, Monash University, Australia

E-mail: manasranjan056@gmail.com

Sodium-ion battery has added the expectation of market growth with an inspiring annual rate of ~ 24% for the
period of 2018-2022. This is because sodium is abundant in nature, and SIBs display electrochemical behavior
that is similar to lithium-ion batteries (L1Bs). Several high-performance sodium-rich cathode materials have been
developed, which show excellent electrochemical performance. Nevertheless, the large-scale application of the
ultimate metal-free sodium-ion battery that has a full cell configuration is hampered due to unavailability of
reliable anode materials. 2D layered transition metal dichalcogenides are considered as a potential anode for
sodium-ion batteries due to their high specific capacity, structural stability and its well-developed two-
dimensional layers.

We demonstrated a two-dimensional (2D), layered structured molybdenum di-telluride (MoTe;) as anode material
in SIBs through this work. MoTe; has been synthesized through a facile solid-state reaction route, and it has been
used as an anode material without further surface modification or any conductive-coating carbon additives.
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Synchrotron X-ray diffraction (SXRD) and high-resolution scanning transmission electron microscopy
(HRSTEM) confirm the hexagonal structure of MoTe,, which has the space group, P63/mmc. In a half-cell
configuration (with respect to sodium metal), the MoTe, electrode exhibits an initial specific capacity of 320 mA
h g* at a current density of 1.0 A g%, and it retains a high capacity of 270 mA h g after 200 cycles. Further, a
sodium-ion full cell is constructed by coupling the MoTe; as anode and sodium vanadium phosphate NasV2(POa)s
(NVP) as cathode. The sodium-ion full cell retains 88% of its initial capacity after 150 cycles at a current density
of 0.5 A g™. Operating at an average potential of ~2 V, the full cell delivers a high energy density of 414 Wh kg ™.
The present results showed a way to produce high rate rechargeable sodium-ion battery and could be multiplexed
to a large-scale energy storage system in the near future.

Keywords: Anode materials, Molybdenum ditelluride, Sodium-ion full cell




