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Why Microwaves?
Advantages of MWs
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What is not said about MWs?

Limitation of MWs
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Palm oil mill industrial process

Sterilization process consumes high
energy and longer time

—-----------\

l‘

STERILUSER

! '_.-mﬂ

PTY FRUIT
PRESS
CLARIFICATION i
TANK VIBRATING
SCREEN

?’

SOLuID

B OIL PURIFIER

54
S
&
~
4
§
<
§

SLUDGE AN RECOVERED VACUUM
" OiL DRYER
! DIRT
SLUDGE
Save cost Save energy  Quality CRUDE PALM
OlL(CPO)

STRIPPER

-VFIBRE
CYCLONE

FINE SOLIDCOARSE

DIGESTER
- § | NUT & FIBRE
SEPARATOR FIBRE
SCREW
|PRESS
SHELL
‘_ CYCLONE
DRY SHELL
NUT y I
CRACKER
WINNOWER
TRAY DRYER I CLAYBATH
P U— SEPARATOR

A

PALM
KERNEL

WET PALM

KERNEL WET SHELL

BOILER FUEL

MONASH
" Unjversity




MW sterilization R&D at Lab scale

Increase the productivity by stacking the fruits

Thermocouples

Data acquisition

MW cavity

Palm fruit samples
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R&D design

Response Surface Methodology (RSM) software

Central Composite Design

Each numeric factor is set to 5 levels: plus and minus alpha (axial peints), plus and minus 1 (factorial peints)
and the center point. If categoric factors are added, the central compaosite design will be duplicated for every
combination of the categorical factor levels,

Central Composite Design | \
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() Vertical
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Computational simulation of lab scale
COMSOL Multiphysics
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Temperature, °C

Results from Lab scale

Temperature profile
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Results from Lab scale

Temperature profile
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Results from Lab scale

Temperature profile
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Results from Lab scale
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Biomass: A by-product of palm oil mill

Solution: Value added products
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Dielectric properties of biomass
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Will the material heat well under Will microwave absorption

the MW? characteristics change during the
rocessing?

What type and geometry of
applicator is best suited?

~ | What will be best frequency
—1 7| to process the biomass
under MW?

EH5 38 /Will thermal runaway be a
problem?

How uniform will the ‘ ‘ Does the biomass will absorb
heating? ‘ ' or reflect microwave power?
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Dielectric property Vs Temperature

2.45 GHz, Nitrogen environment
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Penetration depth Vs Temperature

Highly depends on dielectric properties
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Bioresource Technology 102 (2011) 33683395

Contents lists available al ScienceDirect

Bioresource Technology

journal www_elsevier

Microwave induced pyrolysis of oil palm biomass

Arshad Adam Salema, Farid Nasir Ani*

Lab scale MW pyrolysis system

Quartz glass reactor

Department o Faculty of Mechanical b Universit Teknslogt Malaysia,UTM 81310, Seudai_Johor DT, Malaysia

ARTICLE INFO ABSTRACT

ece istory: The purpose of this paper was 10 carry out microwave induced pyrolysis of il palm biomass (shell and

Received 15 May 2010 <har bsorb Rapid heating ant

Received in revised form 27 September products such 45 bio-oil, char, and gas was found o depend on the ratio of biomass 1o mictowave absor-
of the bi

2010
Accepted 28 September 2010

heat-up to
ucts was also presented The advantage of Uhis technique includes substantial reduction in consumption
of energy, time and cost in order 1o produce bio-oil from biomass materials. Lurge biomass partice size

i s moisture ' N

ergistic effect was found in using MA with oil palm biomass.
©2010 Elsevier Lid. All ights reserved.
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Bioresource Technology 128 (201 3) 578-585
Contents lists available at SciVerse ScienceDirect

Bioresource Technology

journal www.elsevier.

A new technique to pyrolyse biomass in a microwave system: Effect of stirrer speed

Zubairu Abubakar, Arshad Adam Salema, Farid Nasir Ani*

Lab scale MW pyrolysis system

Department of Thermodynamics and Fuid Mechanics, Faculty of Mechanical Engineering, Universiti Teknologi Malaysia, UTM 1310, Skudas,fohor Bahins,
Johor Darut T'azim, Malaysia

GRAPHICAL ABSTRACT

cthod.
- . perature, product yield and
Inen gas R pe it
¥ » MW absorber also played a role in
Va por Ui oyt process
in this study.
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Bioresource Technology 125 (2012) 102-107

BIORESOURCE
TECHNOLOGY

Contents lists available at SciVerse ScienceDirect

Bioresource Technology

journal www.elsevier

Pyrolysis of oil palm empty fruit bunch biomass pellets using multimode
microwave irradiation

Hot spot (localised heating)

omputational simulation and experimental results

Arshad Adam Salema, Farid Nasir Ani*

Department of Thermadynamics and Fiuid Mechanics, Faculty of Mechanical Engineering, Universiti Teknolog) Malaysia, UTM 31310 Skudai, johar D., Malaysia

HIGHLIGHTS

» Ball lightnings were obscrved during microwave (MW) pyrolysis of biomass pellets.
¥ EFB pellets were pyrolysed in a multimode MW system even in abx
» Biomass to MW absorber affected the temperature profiles of the pyrolysis.
» The properties of bio-oil and bio-char were also found to depend on this ratio.

Tenew 10 Surface Tamparature (degC) ARTICLE INFO ABSTRACT

A21L% Articke history: 0l palm empty fruit bunch pellets were subjeeted (o pyrolysis in 2 multimode microwave (MW) system
Received 30 March 2012 (11W and 245 GHz frequency) with and without the MW absorber, activated carbon. The ratio of b
Received in revised form 4 July 2012 mass to MW absotber not only affected the crature profiles of the EFB but also pyrolysis products
;‘\“‘_Eﬁ‘ ':“F“:'Ql“‘l w201 such as bio-oil, char, and gas. The I yield of about 21 wi.% was obtained with 25% MW
wallable online 19 g absorber. The bio-oil consisted of phenolic compounds of about 60-70 area% as detected by GC-MS
and confirmed by nalysis. Ball lightning (plasma arc) occurred due to residual palm oil in the
200 ;m EFB biomass without using an MW absorber. The bio-char can be utilized as potential alternative fuel
Microwave pyrolyss because of its heating value (25 Mjfkg)
Biowoil © 2012 Elsevier Lid. All rights reserved
180 Bio-char.
Phenolic
1180
1140
120
100
BO
1
vl 8
International Journal of Thermal Sciences 91 (2015) 12-24
¥513

Contents lists available at ScienceDirect

Time=10 Surfuce; Temparature (degC) | International Journal of Thermal Sciences

1]

journal homepage: www_elsevier.com/locatelijts

Numerical simulation of heating behaviour in biomass bed and pellets @m\m
under multimode microwave system

Arshad Adam Salema’, Muhammad T. Afzal

Department of Mechanical Fngineering, 15 Dineen Drive. 0 Bax 4400, University of New Brunswick, Fredericton N 38 543, Canada

ARTICLE INFO ABSTRACT
Aricte history: i tems have beer erial
Received 7 May 2014 for proofof concept. However, one of the major drawbadks for thess systems is the form heating
Received in revised form erclore, the aim of this article was to predict the heating bebavior of empty fruit bunch (EFB) biomass
Ll;'“‘;gf;’z‘;m o015 inboth bed and pellet form using finite element based COMSOL Multiphysics software. The temperature
Tattbie oatine 3 February 2015 data from a modified domestic multimode MW system at 245 Gz frequency was used. Quantitative
validation of 10 s heating profile was performed by comparing the simulated temperature peofile with
o mpesatre profiles depended on various
Keywards:
Microave factors such s biomass loadi b ng specific heat capacity value and form of biomass
Simulation shape (bed or pellet). Interestingly. the location of local hot spots during MW healing of EFB bed and
Biomass e almost close enough in both simulation and experimental study. An optimal biomass
Pellet was found whereby maximum MW energy is absorbed by the sample. The effect of
Temperature height an the distribution of electromagnetic fields is discussed in the paper. This study
Electric felds to predict temperature nass

©2015 Elsevier Masson SAS. All rights reserved.
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MW pyrolysis with mechanical stirrer
Affected the bio-oil quality

Journal of Analytical and Applied Pyrolysis 96 (2012) 162-172

Journal of Analytical and Applied Pyrolysis

journal homepage: www.elsevier.com/locatefjaap

Contents lists available at SciVerse ScienceDirect

Microwave-assisted pyrolysis of oil palm shell biomass using an overhead stirrer

Arshad Adam Salema, Farid Nasir Ani*

Department of

ARTICLE INFO

d Fluid Mechanics, Faculty of Me:

Universiti Teknologi Malaysia, UTM 81310, Skudai, johor Bakru, Jahor Darul Tazim, Malaysia

ABSTRACT

Articl history:

Received 20 December 2011
Accepled 31 March 2012
Available online 12 April 2012

Keywards:
Biomass

Microwave pyrolysis
Stirrer

Bio-oil

Phenol

Carbon percentage

0il palm shell biomass contains 2 high amount of lignin and thus has the potential to be converted
into value-added products. If this biomass is not utilised efficiently. significant loss of valuable chemical
products may occur, which otherwise can be recovered. In this paper. a new technique using an overhead
stirrer to pyrolyse biomass under microwave (MW irradiation was investigated. The ratio of biomass to
activated carbon was varied to investigate its effect on the temperature profile, product yield and phenol
content of the bio-oil. Interestingly. the microwave pyrolysis temperature could be controlled by varying
the biomass to carbon ratio. The highest bic-cil yield and phenol content in bio-oil were obtained at a
biomass to carbon ratio of 1:0.5. Chemical analyses of bio-oil were performed using FT-IR, GC-MS and TH
NMR techniques. These results indicate that bio-oil consists mainly of aliphatic and aromatic compounds
with high amounts of phenol in the bio-oil. Thus, MW pyrolysis with a stirrer successfully produced
high-phenol bio-oil compared to other methods. This significant increase in bio-oil quality could either
partially or wholly replace petraleum-derived phenol in many phenol-based applications

© 2012 Elsevier B.V. All rights reserved.
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Bioresource Technology 233 (2017) 353-362
Contents lists available at ScienceDirect

Bioresource Technology

Pyrolysis of corn stalk biomass briquettes in a scaled-up microwave @cm,m
technology

Arshad Adam Salema®, Muhammad T. Afzal ™, Lyes Bennamoun b

“ Discipline of Mechanical Engineering. School of Engincering. Monash University Mulaysia. Jalan Lagoon Selatan, 46150 Bandar Sunway, Selangor. Malaysia
* Depurtment of Mechanical Engineering. Foralty of Engineering. University of New Brunswick, Fredericton, N E36 543, Canada

I ’ ]
elletS Brl uettes HIGHLIGHTS GRAPHICAL ABSTRACT
q « First time microwave (MW) pyrolysis - — —

of biomass briguette was cartied oul.
« Biomass loading was scaled up to
Kilograms
= HHV of biochar and bio-oil was
32 Mfkg and 2.5 MJjkg, respectivel
« Pyrolysis product yield dependent on
the process parameters, MW power
and loading.
« Reactor design can be furthet
improved to increase the bio-oil
quality.
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Effect of biomass loading

On the heat transfer under MW irradiation

Temperature (°C)
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Temperature measurement

During MW heating
/@ * Thickness of thermocouple
L * Grounding
EEE Metallic
N thermocouple Infrared

In-situ and Ex-situ and Remote
continuous intermittent sensing
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Product quality in different technology

Bio-oil from OPS biomass

Biomass, Reference Technology Temperature, Phenol,
°C 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
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y 4§ Unjversity



Status Quo

MW biomass processing technology

Research
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FIND OUT MORE AT
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‘ Full academic profile

RG ResearchGate

Dr. Arshad Salema
Senior Lecturer

Email: arshad. salema@monash.edu
Direct Line: +60 3 5514 6271
Room: 5-5-13 (Building 5, Level 5, room 13)
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