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My research interest

Biomass and bioenergy

Thermal process design 
and development

Value added products

Energy efficiency and management 



MW Sterilization

MW Biomass 
Processing



Advantages of MWs
Why Microwaves? 

Volumetric heating
Selective heating

Rapid heating



Limitation of MWs
What is not said about MWs? 

Safety Few grams Modified 
domestic oven

Penetration depth
Scaling up



MW Sterilization



Palm oil mill industrial process

Sterilization process consumes high 
energy and longer time

Microwave sterilization

Save cost Save energy Quality

MW sterilization 



Increase the productivity by stacking the fruits
MW sterilization R&D at Lab scale

Thermocouples 

Data acquisition  

Palm fruit samples 

MW cavity 

MW sterilization 



Response Surface Methodology (RSM) software
R&D design  

MW sterilization 



COMSOL Multiphysics
Computational simulation of lab scale
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MW sterilization 



Temperature profile
Results from Lab scale

MW sterilization 



Temperature profile
Results from Lab scale
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MW sterilization 



Temperature profile
Results from Lab scale
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MW sterilization 



MW electric field, V/m
Results from Lab scale
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MW sterilization 



MW Biomass 
Processing



Biomass: A by-product of palm oil mill

Problem Opportunity: 
Biomass

Bio-oil

Bio-char

Product Gas

Solution: Value added products

Volumetric heating

Selective heating

ON/OFF

Rapid heating

Technology: Pyrolysis/Gasification/ Combustion



Dielectric properties of biomass

Will the material heat well under 
the MW?

What type and geometry of 
applicator is best suited?

What will be best frequency 
to process the biomass 
under MW?

How uniform will the 
heating?

Will microwave absorption 
characteristics change during the 
processing? 

Will thermal runaway be a 
problem?

Does the biomass will absorb 
or reflect microwave power?



Dielectric property Vs Temperature

Biomass

Depolymerize

2.45 GHz, Nitrogen environment



Highly depends on dielectric properties
Penetration depth Vs Temperature

Biochar
Biomass



Quartz glass reactor 
Lab scale MW pyrolysis system



Lab scale MW pyrolysis system



Computational simulation and experimental results
Hot spot (localised heating)

Hot spot



Affected the bio-oil quality
MW pyrolysis with mechanical stirrer



Bench scale MW pyrolysis system

Pellets Briquettes 

1 kg to 10 kg 

UNB, Canada



On the heat transfer under MW irradiation
Effect of biomass loading
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During MW heating
Temperature measurement

In-situ and 
continuous

Ex-situ and 
intermittent

Remote 
sensing

Metallic 
thermocouple Infrared

• Thickness of thermocouple
• Grounding



Product quality in different technology

Biomass, Reference Technology Temperature, 
°C

Phenol, 
area%

OPS, Salema et al 2012 Microwave 500 72.0
OPS, Islam et al 1999 Fluidized bed 500 28.3
OPS, Kim et al 2010 Fluidized bed 453 22.1
OPS, Abnisa et al 2011 Fixed bed 500 13.4

Bio-oil from OPS biomass



MW biomass processing technology
Status Quo 

Research Development Commercialization

Concept
& idea Experiments

Feasibility

Process design
Large scale

Supply chain

Product marketing

Techno-economic 
feasibility

Energy, mass balance

Sales and 
distributionBusiness model



THANK YOU
FIND OUT MORE AT 
https://www.monash.edu.my/eng
ineering/about-us/all-staff/dr.-
arshad-salema
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