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I. IDENTITY PAGE 
1. Title :Carbondioxide fixation on catalytic 

    membranes coated with silver 
nanoparticles 

2. Topic : Carbondioxide fixation 
3. Research Period : November 2017-November 2018 
4.1. Principal Investigator : 

a. Full Name : Anita Alni 
b. Academic Rank : Dr. 
c. NIP : 198301052012122003 
d. Current Position : Assistant Professor 
e. Academic Unit : Faculty of Mathematics and Natural 

Sciences 
f. Office Address/Phone/Fax/E-mail : Jalan Ganesa 10 

Bandung/0222501203/alni@chem.itb.
ac.id  

g. Home Address/Phone/Fax/E-mail : Jalan Cikutra Baru VI no 51 Bandung 
 

4.2  Members of the Team: 
 

No Name and Academic 
Rank 

Field of 
Expertise Institution Allocation of Time 

Hrs/week Months 

1 Dr. Muhammad Ali 
Zulfikar 

Membrane 
separation 

ITB 10 12 

 
4.3 Research Assistants/Students (mention names when available): 

No Name  Departement and NIM Alocation of Time 
Hrs/week Months 

1. Riri Enriyani, S.Si. Chemistry, 20516025 10 12 

2. Fathia Rizky Chemistry, 20516053 10 12 

 
5. Approved budget  : US $ 4300 
 
 
 

 
Head of Academic Unit 
 
 
 
 
 
Prof. Dr. Edy Tri Baskoro 
NIP. 196405221989031002 
 
 
 

 
Bandung, October 20th, 2018 
Principal Investigator 
 
 
 
 
Dr. Anita Alni 
NIP. 198301052012122003 



  

 

 

I. EXECUTIVE SUMMARY  

 
1. TITLE OF RESEARCH : Carbondioxide fixation on catalytic    membranes 

 Coated with silver nanoparticles 

2. HEAD OF RESEARCH TEAM :  Dr. Anita Alni 

3. TEAM MEMBERS : Dr. Muhammad Ali Zulfikar 

4. OFFICIAL ADDRESS  :Division of Organic Chemistry, Faculty of 
Mathematics  and Natural Sciences, Institut Teknologi Bandung, 
Jalan  Ganesa 10 Bandung 

 

5. EXTENDED ABSTRACT :  
The rise of atmospheric CO2 levels is causing serious impact on the environment. Increase 
of the sea level due to the melt of polar ice has caused floods in many parts of the world. 
On the contrary, consumption of hydrocarbon fuel as well as many other carbon 
compounds are rising as the world progress towards industrialization. If reduced, CO2 can 
be a valuable source of hydrocarbon, hence offer a close-loop waste to consumption circle 
that might undertake the climate change issue in the long run. In addition to reducing 
greenhouse gas emissions, CO2 conversion processes will reduce our dependency on fossil 
fuels for chemical synthesis. 
 
In this research, a fixation of CO2 gas has been carried out to transform it into usable fine 
chamicals. The transformation was added by polymeric material impregnated with silver 
metal as catalyst. The first step was synthesis of polymeric material and its 
characterization via FTIR spectroscopy and surface imaging by scanning electron 
microscope (SEM). During the synthesis, the reaction mixtures were purged with CO2 gas 
to form selectivities against other gases.  Two polymeric material namely polymethyl 
metacrylate (PMMA) and silver coated polymethyl metacrylate (PMMA-Ag) have been 
prepared. 
 
The second part of the project was to utilize the polymeric material as support and catalyst 
in chemical transformation. Reaction was carried out at Parr gas reactor system under 3 
barr of CO2 pressure at 50oC. The reactions were monitored and analysed by NMR 
spectroscopy to identify the formation of product. Reactions were carried out towards 
phenyl acetylene to form aromatic carboxylate.  NMR spectra showed that for reaction 
with PMMA-Ag yielded the fixation product while without the Ag catalyst, the product was 
not observed. Part of this work has been published in national journal, while draft for 
international journal is being prepared. Reaction were performed using CO2 gas from 
commercial sources while applications towards flue gases have not been accomplished, 
particularly due to the difficulty of getting the gas from industry. 

 
 

6. LIST OF RESEARCH OUTPUT 

-Accepted National Journal (attached) 

-Draft of paper to be submitted to International Journal (in preparation) 
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I. EXECUTIVE SUMMARY 

 

1. TITLE OF RESEARCH :DEVELOPMENT OF A NEW GAS SENSOR FOR 
 DETECTION OF TOXIC GAS OF ENVIRONMENT 

2. HEAD OF RESEARCH TEAM :Prof. Dr. –Ing. Mitra Djamal 

3. TEAM MEMBERS :Dr. Maman Budiman 

4. OFFICIAL ADDRESS :Physics Building,Jl. Ganesha No 10, Bandung 

 40132, West Java, Indonesia 

5. EXTENDED ABSTRACT : It has successfully built a gas sensor using thermopile 

based on thermal conductivity measurement. The gas sensor aims to detect toxic gas 

concentrations in the environment. In the initial test, this sensor has been successfully 

applied as a CO2 gas detector. The built-in sensors possess low production costs, low 

power consumption and are easily manufactured. From the conducted experiments, 

the sensor can work well and the results can be validated with the established theory, 

as evidenced by the RMS error of 0.78. The measurement results are also in a good 

agreement with the model predictions Mason and Saxena for the thermal conductivity 

of gas mixtures. 

6. LIST OF RESEARCH OUTPUT : 

a. 1 patent has been “registered” on Indonesian Patent” (Patent Number : 

P00201709270) 

b. 1 paper “Published” on “Measurement Journal”. 

Title of paper :DEVELOPMENT OF A SIMPLE CO2 SENSOR BASED ON THE 

  THERMAL CONDUCTIVITY DETECTION BY A THERMOPILE 

Journal  : “Measurement Journal” indexed by Scopus (Q2) 

Publisher   : Elsevier BV 

H index  : 54 

Impact factor : 2.359 
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I. IDENTITY PAGE 
1. Title : Synthetic Natural Gas Production from CO 

Using Dynamic Fixed Bed Reactor 
2. Topic : Technologies concerned with natural gas 
3. Research Period : November 2017 – November 2018 
4.1. Principal Investigator : 

a. Full Name : Dr. Yogi Wibisono Budhi 
b. Academic Rank : Associate Professor 
c. NIP : 197102101999031001 
d. Current Position : Faculty Member 
e. Academic Unit : KK Perancangan dan Pengembangan Proses 

Teknik Kimia 
f. Office Address/Phone/Fax/E-mail : Gedung Labtek X, Jl. Ganesha 10, Bandung 

/ P = 022-2500989 / F = 022-2501438 
/ e-mail = Y.Wibisono@che.itb.ac.id 

g. Home Address/Phone/Fax/E-mail : Komp. Cigadung Makmur 3 Bandung 
/ P = 085659230707 / F = NA 
/ e-mail = yogiwbudhi@yahoo.com 
 

4.2  Members of the Team: 
 

No Name and Academic 
Rank 

Field of 
Expertise Institution Allocation of Time 

Hrs/week Months 
1 Dr. Jenny Rizkiana Modelling Teknik Kimia ITB 10 10 

 
4.3 Research Assistants/Students (mention names when available): 

No Name  Departement and NIM Alocation of Time 
Hrs/week Months 

1. Utari Nuravifah, ST. Chemical Engineering, 23017044 15 10 
2. Neng Tresna U.C., MSi  Chemical Engineering, 33017005 15 10 

 
5. Approved budget  : US $ 4500 
 
 
 

 
Head of Academic Unit 
 
 
 
Prof. Deddy Kurniadi, Dr.Eng. 
NIP. 196309301988101001 

 
Bandung, 19 October 2018 
Principal Investigator 
 
 
Dr. Yogi Wibisono Budhi 
NIP. 197102101999031001 

 



   

I.	EXECUTIVE	SUMMARY		
	
1. TITLE	OF	RESEARCH	 :	

Synthetic	Natural	Gas	Production	from	CO	Using	Dynamic	Fixed	Bed	Reactor	
2. HEAD	OF	RESEARCH	TEAM	 :	

Dr.	Yogi	Wibisono	Budhi	

3. TEAM	MEMBERS	 :	

Dr.	Jenny	Rizkiana	

4. OFFICIAL	ADDRESS		 :	

Department	of	Chemical	Engineering,	Faculty	of	Industrial	Technolgy,	Institut	Teknologi	
Bandung,	Jl.	Ganesha	10	Bandung	40132,	Indonesia	

Phone:	+62-22-2500989,	Fax:	+62-22-2501438	

5. EXTENDED	ABSTRACT	 :		
This	 report	 addresses	 the	 production	 of	 Synthetic	 Natural	 Gas	 (SNG)	 for	
providing	 energy	 both	 for	 chemical	 feedstock	 and	 heat	 from	 CO2	 by	 catalytic	
reaction	in	a	dynamic	fixed	bed	reactor.	The	production	of	methane	(CH4)	as	SNG	
can	be	conducted	through	hydrogenation	of	CO,	usually	catalyzed	by	Ni	as	active	
site	 of	material.	 Subsequently,	methane	 can	be	 converted	 into	 energy	 through	
utilization	 as	 fuel	 in	 combustion	 engines	 with	 fewer	 emissions.	 Methanation	
reaction	 is	simultaneously	also	accompanied	by	steam	formation	(WGSR).	The	
objective	of	this	research	was	to	investigate	the	production	of	Synthetic	Natural	
Gas	 (CH4)	 through	hydrogenation	of	CO	 in	 the	dynamic	operation	of	 fixed	bed	
reactor.	The	focus	of	the	research	was	to	design	the	reactor	and	to	develop	the	
transient	 operation	 procedure	 to	 effectively	 produce	 the	 SNG	 with	 high	
conversion.	

 
The	 research	was	 carried	 out	 through	 reactor	modeling	 and	 simulation	 using	
package	software	of	FlexPDE	version	7.	The	methanation	simulation	model	was	
developed	for	1D	with	transient	term	involving	mass	and	energy	balances.	The	
kinetic	 data	 and	 reaction	 rate	were	 taken	 from	 literature.	 This	modeling	was	
conducted	to	determine	the	effect	of	feed	ratio	and	feed	flowrate	to	selectivity,	
conversion,	and	productivity	in	the	steady	state	(base	case)	and	forced	unsteady	
state	operation.	The	reactor	was	assumed	to	be	plug	flow	model	with	dimension	
to	be	determined	at	operating	pressure	of	6.2	bar	and	a	temperature	of	560	K.	
The	mass	of	catalyst	in	the	reactor	was	designed.	The	feed	gas	mixture	consists	
of	H2,	CO,	and	CO2	at	certain	ratio.	The	average	of	superficial	velocity	in	steady	
condition	was	1.5	m/s.	The	dynamic	reactor	operation	was	studied	to	determine	
the	proper	switching	time.	
	
Future implementation in Indonesia is profoundly promising due to the need of 
primary feedstocks and energy. This research has been conducted at Chemical 
Engineering ITB. The research member consists of competent people in their field: 
Dr. Yogi Wibisono Budhi (Process Intensification), Dr. Jenny Rizkiana (modeling), 
Neng Tresna Umi Culsum, SSi.MSi. (PhD student), and Utari Nuravifah, ST. (Master 
student). The collaboration between ITB, TU Delft, PT Pupuk Sriwidaja has been 
targeted in this research.	



   

	

6. LIST	OF	RESEARCH	OUTPUT	 	
• International Journal Publication 
a. Budhi, Yogi W., Nuravifah, U., Sophiana, Intan C., Rizkiana, J., Modeling and 

Simulation of a Reverse-Flow Reactor for Methane Production from Synthetic 
Gas, IOP Publishing (under process) 

b. Budhi, Yogi W., Wisnuaji, Bagus A., Judistira, Gusrinisa, G., and Ferry, V., Effect 
of Dynamic Concentration of Methane Oxidation in a Reverse Flow Reactor, IOP 
Publishing (under process) 

c. U.Nuravifah, S.E.Putri, Y.W.Budhi, Simulation of Effective Ni-based Catalyst 
Design Using Microkinetic Models of COX Methanation on Dynamic Fixed-Bed 
Reactor, IOP Publishing (under process) 

• International Conference/Proceeding 
a. Budhi, Yogi W., Nuravifah, U., Sophiana, Intan C., Rizkiana, J., Modeling and 

Simulation of a Reverse-Flow Reactor for Methane Production from Synthetic 
Gas, International Conference on Energy Science, Bandung, September 2018. 

b. Budhi, Yogi W., Wisnuaji, Bagus A., Judistira, Gusrinisa, G., and Ferry, V., Effect 
of Dynamic Concentration of Methane Oxidation in a Reverse Flow Reactor, 
International Conference on Energy Science, Bandung, September 2018. 

c. U.Nuravifah, S.E.Putri, Y.W.Budhi, Simulation of Effective Ni-based Catalyst 
Design Using Microkinetic Models of COX Methanation on Dynamic Fixed-Bed 
Reactor, 3rd MRS-id Meeting 2018, Denpasar Bali, 2018. 

	
 
II.	TECHNICAL	REPORT	
	
Introduction	
	
As	a	result	of	the	continuous	reduction	of	crude	oil	and	gas	resources,	and	the	increasing	
concern	for	greenhouse	effects	due	to	human	CO2	emissions,	recent	focus	has	been	put	on	
the	 development	 of	 renewable	 and	 environmentally	 friendly	 energy	 from	 wind	 and	
sunlight.	As	these	energy	sources	are	intermittent	the	produced	electricity	needs	to	be	
balanced	 for	 power	 grid	 stability	 purposes.	 Electricity	 storage	 via	 power-to-gas	 (PtG)	
technology	is	a	promising	solution	to	tackle	this	issue.	The	PtG	process	links	the	power	
and	natural	gas	grids	by	the	conversion	of	electrical	energy	into	a	chemical	energy	carrier,	
substitute	natural	gas	(SNG).	
	
SNG	 is	 produced	 via	 two	 steps:	 H2	 production	 through	 water	 electrolysis	 and	 H2	
conversion	 with	 an	 external	 CO2	 source	 into	 CH4	 via	 the	 methanation	 reaction.	 The	
resulting	SNG	can	be	injected	into	the	existing	gas	grid	or	gas	storages	and	can	easily	be	
utilized	 in	 the	 already	 well-established	 infrastructure	 and	 conversion	 systems.	 The	
methanation	 reactor	used	 in	 a	PtG	 facility	needs	 to	be	highly	 load	 flexible	 in	 order	 to	
follow	 the	H2	 profile	 from	 the	 electrolyzer	 as	 closely	 as	 possible,	 thus	 keeping	 the	H2	
storage	tank	as	small	as	possible,	while	satisfying	SNG	quality	requirements.	
	
Methane	(CH4),	which	can	be	obtained	as	a	major	component	in	natural	gas,	currently	is	
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GRANT REPORT SUMMARY 
 

 

 

A. Tajuk Projek 

Project Title 

 

: ENHANCING DURABILITY OF NATURAL 

SOFTWOOD USING POLYMER MATRIX 

 Ketua Penyelidik 

Project Leader 

: JOSEPHINE LAI CHANG HUI  

 Fakulti/Institut 

Faculty/Institute 

 

: 

FAKULTI KEJURUTERAAN 

 Ahli Kumpulan Penyelidik 

Research Team Members 

 

 

: ASSOC. PROF. DR. RUBIYAH BAINI 

DR. REZAUR RAHMAN 

NUR SYUHADA AHMAD ZAUZI 

NUR AMALINA SHAIRAH ABDUL SAMAT 

 

B. Tarikh Geran Diluluskan 

Grant Approval Date 

: 5 DISEMBER 2017 

 Tempoh Projek 

Project Duration 

: 1 TAHUN 

 Peruntukan Yg. Diluluskan 

Budget Approved 

: USD 1800/RM 7500 

 Perbelanjaan Terkini 

Expenditure To-Date 

: RM 4911 

 

C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pencapaian Keseluruhan  

Overall Achievement 

Huraikan pencapaian berbanding objektif, hipotesis serta permasalahan asal yang diselidiki.. 

Describe the achievements in  relation to the original objectives, hypothesis and research 

problems. 

In this study, there is very minimum work that has been reported on elastomeric polymer 

nanocomposites (EPNCs) using agricultural wastes, especially in combining two different types 

of agricultural wastes with elastomeric polymer to form nanocomposites. The aim of this study 

was to synthesize polyvinyl alcohol/palm kernel shell/coconut kernel shell elastomeric polymer 

nanocomposites (PVA/PKS/CKS EPNCs) via solution casting method, and to investigate the 

effect of different ratios of PVA matrix on the physic-mechanical, morphological and moisture 

absorption properties of PVA/PKS/CKS EPNCs.  
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D. 

 

 

 

 

 

 

 

 

Pencapaian Utama 

Key Findings 

PVA/PKS/CKS EPNCs were prepared via solution casting method and the properties of EPNCs 

were characterized through Fourier transform infrared (FTIR) spectroscopy, scanning electron 

microscopy (SEM), tensile testing and moisture absorption test. Test results showed that 

increasing the PVA content increased the tensile strength properties of EPNCs as well as 

provided smooth with no porous surface morphology. However, beyond certain percentage of 

PVA content, the moisture absorption increased too. Therefore, 55wt% of PVA/PKS/CKS 

EPNCs was chosen as the best EPNCs as it had the best overall properties from the aspect of 

physico-mechanical, morphological and moisture absorption. 

 

 

 

E, 

 

Hasil Penyelidikan 

Deliverables 

 

Sila tandakan item yang berkaitan pada senarai berikut:  

Please tick the relevant items below: 

 Item Bilangan/Number 

 Kertas teknikal/bersiri dalaman 

Internal technical/serial papers 

 

 Tesis/disertasi pelajar sarjana 

Student’s Masters thesis/dissertation 

 

 Tesis pelajar PhD 

Student’s PhD thesis 

 

 Kertas persidangan tempatan  

Local conference papers 

 

 Kertas persidangan antarabangsa 

International conference papers 

 

 Makalah dalam jurnal tempatan 

Local journal papers 

1 

 Makalah dalam jurnal antarabangsa 

International journal papers 

 

 Monograf atau buku 

Book/monograph 

 

 

Lain-lain/others (sila nyatakan/please specify) 

 

N/A 

 

Sila senaraikan maklumat (pengarang, tahun, tajuk, jurnal/penerbit, jilid, halaman) bagi 

penerbitan/tesis yang dihasilkan (jika ada). 

Please specify the publications (authors, year, title, journal/publisher, volume, page nos.) (if 

any) 

Lai, J. C. H., and Yusof, N. L. (2018). Physico-Mechanical, Morphological Properties of 

Polyvinyl Alcohol/Palm Kernel Shell/Coconut Kernel Shell Elastomeric Polymer 

Nanocomposites. Journal of Applied Science and Process Engineering, vol. 5 (2): 296-303.  
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F. 

 

Pengecaman Output 

Output Identification 

 

Sila tandakan penerangan yang berkaitan pada senarai berikut:  

Please tick the relevant description as given below: 
 Suatu sumbangan besar kepada bidang ilmu yang berkaitan 

A major contribution to knowledge (new knowledge) in the respective discipline 

/ Suatu sumbangan kecil tetapi bermakna kepada bidang ilmu yang berkaitan 

A minor but important contribution to knowledge in the respective discipline  

 Suatu sumbangan besar kepada teknologi/ciptaan/algoritma dalam bidang yang berkaitan 

A major contribution to technology/invention/algorithm or a tangible product 

 

 

Suatu sumbangan kecil tetapi bermakna kepada teknologi/ciptaan/algoritma berkaitan 

A minor but important contribution to relevant  technology/invention/algorithm 

 Terdapat potensi yang baik untuk kajian lanjutan ke arah pemasaran 
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 PVA/PKS/CKS EPNCs were prepared by solution casting method and was successfully 

investigated in terms of physical, mechanical, morphological and moisture absorption 

properties. Incorporation of PVA matrix at 55wt% showed the best adhesion and compatibility 

with PKS and CKS filler among all the nanocomposites. Based on the FTIR results, 55wt% PVA 

matrix showed the least OH bonding compared to other ratios which proved that 55wt% 

PVA/PKS/CKS EPNCs could form strong bonding between matrix and fillers. In addition, 

55wt% PVA/PKS/CKS EPNCs showed the smoothest surface morphology with well compatibility 

of matrix and fillers compared to other ratios nanocomposites. Tensile strength of 

PVA/PKS/CKS EPNCs were significantly enhanced with the introduction of 55wt% PVA matrix 

into PKS and CKS fillers, with clear proven from moisture absorption test. The addition of {KS 

and CKS into PVA polymer matrix improved the properties of pure PVA polymer matrix and this 

can be applied in structural applications.  
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In digital design, there are two types of design, synchronous design and asynchronous design. In 

synchronous design, global clock is one of the main system that consume a lot of power. The 

power in synchronous design is consumed by clock even if there is no data processing take 

place.  The asynchronous design that depends on data is clockless and as far as the power is 

concerned, asynchronous design does not consume much power compared with synchronous 

design and this really make asynchronus design the preffered choice for low power consumption. 
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Besides having low power consumption, there are many advantages of aynchronous design 

compared with synchronous design. First the absence of clock skew. Clock skew refer to the 

arrival time difference of the clock signal to reach different parts of the system. The clock skew 

is one of the design challenge in synchronous design. The presence of process variations may 

cause adverse effect on the clock frequencies.Second the” Better than worst case performance”. 

The worst case scenarion need to be taken into account in synchronous design to ensure the 

circuit won’t fail under the worst case scenario. For asynchronous design, the average case 

performance is the most likely case due to the data-dependant data flow and functional unit that 

exhibit data-dependant delay. Third the Automatic adaption to physical properties. Delay is 

depended on many factors such as process variation, environment factors (temperature) and 

voltage supply. In synchronous design, these factors need to be considered and to  ensure the 

design is reliable, the worst of the above conditions need to be calculated accordingly. However, 

in asynchronous design, since it is depended on the data as a clock, the above factors are 

automatically adjusted and hence the designer need not to worry the functionality of the circuit 

even under the worst case scenario. And finally, reduced electromagnetic interference. 

Synchronous circuit needs to be very precise with the clock system and this result in very narrow 

spectral band in the clock frequency. Any interference for example due to electromagnetic 

interference with the system clock in synchronous design may result in the circuit to function 

slower or even it will completely fails. This is not the case for asynchronous design as the 

activities of the circuit is very much independent from one to another. Therefore, a more 

distributed noise spectrum  which results from independent activities in asynchronous design 

makes the circuit to be more reliable compared with synchronous design. The testing devices can 

be done by using FPGA which is one of the most popular medium to implement digital logic. . 

This research proposed new dual rail completion detector (CD), 3-6 CD, 2-7 CD and 1-4 CD for 

on-chip communication that are used widely in an asynchronous communication system. The 

design of CD is based on the principle of sum adder. After designing the circuit by using Altera 

Quartus II CAD tools, synthesis and implementation process is executed to check the syntax 

error of the design. When the design is successful, the simulation process will take place. In this 

project 
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Pencapaian Utama 

Key Findings 

 

This research proposed new dual rail completion detector (CD), 3-6 code detector, 2-7 code 

detector and 1-4 code detector for on-chip communication that are used widely in an 

asynchronous communication system  

 

 

 

Proposed 3-6 code detector Proposed 2-7 code detector 
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Proposed 1-4 code detector 
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 In digital design, there are two types of design, synchronous design and asynchronous design. In 

synchronous design, global clock is one of the main system that consume a lot of power. The 

power in synchronous design is consumed by clock even if there is no data processing take 

place.  The asynchronous design that depends on data is clockless and as far as the power is 

concerned, asynchronous design does not consume much power compared with synchronous 

design and this really make asynchronus design the preffered choice for low power consumption. 
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Besides having low power consumption, there are many advantages of aynchronous design 

compared with synchronous design. This paper proposed new dual rail completion detector 

(CD), 3-6 CD, 2-7 CD and 1-4 CD for on-chip communication that are used widely in an 

asynchronous communication system. The design of CD is based on the principle of sum adder. 

The circuit is designed by using Altera Quartus II CAD tools, synthesis and implementation 

process is executed to check the syntax error of the design. When the design is successful, the 

simulation process will take place  
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In this research, the objectives are to optimize the performance of massive-MIMO-enabled small 

cell networks with wireless backhaul links, and to design an energy-efficient resource allocation 
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scheme for such networks. As small cells are likely to be installed in random locations, it is 

difficult to avoid inter-cell interference, considering that these cells rely on wireless backhaul 

connectivity to forward their traffic demands. In a conventional Heterogeneous Network (HetNet) 

with a dense deployment of small cells, existing approaches for allocating resources for backhaul 

connectivity seem inefficient in terms of energy and resource management. Moreover, various cell 

sizes in HetNets result in unequal loads and thus lead to an imbalance in radio resource 

utilization. Finding the optimal frequency assignment solution that would consume the least 

amount of spectrum and support dynamic backhaul transmission links will be challenging sue to 

this issue. Thus, we proposed a time-based cluster-based resource allocation concept for A time-

based cluster-based frequency allocation concept for multi-hop wireless SCN backhaul 

transmission links in a Massive MIMO environment. 

 

The proposed work utilizing Massive MIMO technology to support network densification, in this 

case small cell networks. Large antenna arrays in massive MIMO can focus the radiated energy 

precisely towards the intended receivers, thereby efficiently reducing intra-and intercell 

interference, which are common issues in small cell deployment. In this work, multi-hop backhaul 

connectivity for Massive MIMO-enable small cell networks was utilized, by applying a cluster-

based resource allocation scheme. In this scheme, small cells that do not cause interference are 

grouped, and allocated with the same sub-channel for their backhaul transmission links. The 

cluster set needs to be updated at a regular interval to reflect the change in the topology. The 

motivation behind this is to allocate the resources to these multi-hop backhaul links in such a way 

to maximize the network spectral efficiency by allowing frequency reuse in the same radiated 

region of the Massive MIMO.   

 

The proposed solution has proved that the performance of the network has been improved in terms 

of energy and power consumption, throughput, spectral efficiency and fairness index. 
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Pencapaian Utama 

Key Findings 

 

In an ultra-dense small cell deployment, the key challenge is to provide an extensive backhaul 

connectivity, as the number of dedicated fibres available is limited. Furthermore, the densification 

of these small cells will eventually lead to higher energy consumption, compared to the existing 

macrocell base stations alone. Therefore, we formulate the problem of traffic backhauling in a 

multi-hop wireless SCN, so that their massive traffic can be backhauled to the core network, while 

minimizing power consumption. 

 

The energy consumption problem for backhaul links meant for Massive MIMO-enabled small cell 

networks is formulated, with the goal of minimizing total power consumption. This includes the 

power derived from the small cells within the same radiated region of a Massive MIMO antenna 

and their wireless backhaul transmissions. The performance of the proposed work is evaluated 

and compared against the existing traffic backhauling approach considered in [1], [2], [3]. In the 

existing approach, the number of connecting links/hops is given the maximum weight for 

measuring the goodness of the backhauling route. The number of small cells is varied and the 

results are monitored. Each set of simulation scenarios (with different topology and traffic 
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demand) was sampled 1000 times to get the sample mean of overall network and backhaul power 

consumption, network delay and energy efficiency. The results are discussed as follows: 

 

 

  
Figure 1: 

Total network power consumption comparison 

Figure 2: 

Total network power consumption comparison 

 

  

Figure 3: 

Network backhaul delay comparison 

 

Figure 4: 

Energy efficiency comparison 

 

As shown in Figure 1, the total network power consumption of the proposed work and the existing 

traffic backhauling approach for different numbers of small cells in a Massive MIMO-enabled 

wireless SCN, are evaluated. The total network power consumption in the existing approach is 

higher than the proposed solution, and as the number of nodes increases, the gap between the two 

approaches becomes significantly larger. In our proposed work, the traffic is forced to flow via 

specific links so that these links can be fully utilized and the spectrum efficiency can be maximized. 

The backhaul power consumption (see Figure 2) for both approaches shows similar trends to the 

total network power consumption graph, shown in Figure 1. However, lower backhaul power 

consumption is achieved in both approaches, compared to the total network power consumption, 

as only the power consumed by the backhaul links is computed. 

 

Figures 1 and 2 revealed that the proposed approach can significantly reduce both total network 
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and backhaul power consumptions. However, there is a trade-off between these power components 

and backhaul delays (Figure 3). When the number of small cells within the same radiated region is 

less than 10, the total backhaul delay for both approaches is approximately similar; however, the 

gap of network delay increases with the increasing number of small cells. The lowest range of 

delays is achieved for existing approach, ranging from approximately 0.295 ms to 2.49 ms, for the 

number of small cells ranging from 5 to 30. Conversely, our proposed approach achieved delays, 

with a range from 0.295 ms to 5.86 ms. Thus, the proposed approach balances the performance 

trade- off between the number of resource allocated due to number of hops taken and the energy 

consumption. The increase in delay in our work however, is not significant as according to ITU’s 

(G.114) specifications, the end-to-end delay has to be more than 150 ms before the degradation of 

QoS can be perceived. 

 

In Figure 4, the energy efficiency of both approaches is depicted for various small cell densities in 

wireless SCN and this efficiency is maximized by implementing the proposed approach. This 

outcome resulted from the fact that lower power consumption in a multi-hop traffic backhauling is 

achieved in the proposed scheme via the use of an effective resource allocation scheme, leading to 

a higher energy efficiency. 

 

[1] G. Zhang, T. Q. S. Quek, M. Kountouris, A. Huang, and H. Shan, “Fundamentals of 

heterogeneous backhaul design : Analysis and optimization,” IEEE Transactions on 

Communications, vol. 64, no. 2, pp. 876–889, Feb 2016. 

 

[2] D. Karia and V. Godbole, “New approach for routing in Mobile Adhoc Networks based on 

Ant Colony Optimisation with Global Positioning System,” Networks, IET, vol. 2, no. 3, pp. 

171–180, Sept 2013. 

 

[3] U. Siddique, H. Tabassum, E. Hossain, and D. I. Kim, “Wireless backhauling of 5G small 

cells: challenges and solution approaches,” IEEE Wireless Communications, vol. 22, no. 5, 

pp. 22–31, October 2015. 
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The advancement of wireless mobile and communication technologies has increased the needs for 

higher data rates, wider capacity and coverage in the future 5G deployment. This crucial needs 

can be satisfied by a significant network densification through the deployment of small cells. To 

further support a highly dense small cell networks, massive MIMO technology is integrated into an 

existing heterogeneous network in this work. In such systems, a massive number of antennas is 

deployed at each macrocell site to form a network for small cell traffic backhauling purposes. In 

general, any centralized resource management approach for massive MIMO-operated small cell 

networks is infeasible due to large number of small cells and their random deployments. This 

causing a concern in which the uncoordinated resource management may cause a severe cross-

tier interference, hence exacerbating the network performance. Moreover, the varying traffic 

conditions from these small cells may cause load imbalance in the network, thus a fixed amount of 

resource allocated to these cells will not be practical. 

 

The main motivation for this research is to address the need for adaptive resource allocation 

scheme in massive MIMO systems in a small cell-assisted network to cater for an increased 

network coverage, capacity and spectrum efficiency.  The integration of massive MIMO and small 

cells could be the next promising candidate for 5G systems. In this work, the simulation work for 

optimizing the resource allocation for backhaul wireless small cell networks will be involved. 

Research finding will include an adaptive and green resource allocation scheme that can mitigate 

both co-and cross-tier interference, hence increasing the network QoS. 

 

In this research, an energy-efficient resource management scheme for multi-hop traffic 

backhauling solution for 5G Massive MIMO-enabled Small Cell Networks was proposed. The 

resources are allocated based on the optimization function which models the total network power 

consumption by deriving the power consumed by the small cells and their wireless backhaul links. 

Then, the low power traffic backhauling paths with optimum resource allocation for a multi-hop 

wireless SCN are selected. Considering the time complexity of the optimization model, a heuristic 

solution to reduce the backhaul power consumption in the 5G SCNs was also considered. The 

simulation results for the proposed approach reveal a significant reduction in the backhaul power 

consumption and much higher energy efficiency.  
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The objective of the study was to identify and record potential infill spaces in UNIMAS West 

Campus, especially on the existing structures and unused spaces. From the study, it was found 

that UNIMAS campus has void spaces that have a lot of potential to develop.  

 

The study identified potential usage to these spaces that could promote vibrant and conducive 

campus environment. The spaces shall be able to connect existing structures; thus it shall add 

value to the existing buildings.  
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Pencapaian Utama 

Key Findings 

Based on the identification of the pocket under used spaces in the campus, researchers have 

come up with a draft Infill Development Mapping for the UNIMAS West Campus. The mapping 

is based on the suggestion that a campus planning shall look into a balanced development which 

will encompass environmental, social and economic aspects in order to create a unifying campus 

system.  
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Deliverables 

 

Sila tandakan item yang berkaitan pada senarai berikut:  

Please tick the relevant items below: 

 Item Bilangan/Number 

 Kertas teknikal/bersiri dalaman 

Internal technical/serial papers 

 

 Tesis/disertasi pelajar sarjana 

Student’s Masters thesis/dissertation 

 

 Tesis pelajar PhD 

Student’s PhD thesis 

 

 Kertas persidangan tempatan  

Local conference papers 

 

X Kertas persidangan antarabangsa 

International conference papers 

*Pending Publication 

 Makalah dalam jurnal tempatan 

Local journal papers 

 

 Makalah dalam jurnal antarabangsa 

International journal papers 

 

 Monograf atau buku 

Book/monograph 

 

 

Lain-lain/others (sila nyatakan/please specify) 
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Sila senaraikan maklumat (pengarang, tahun, tajuk, jurnal/penerbit, jilid, halaman) bagi 

penerbitan/tesis yang dihasilkan (jika ada). 

Please specify the publications (authors, year, title, journal/publisher, volume, page nos.) (if 

any) 

 

 

* Pending Publication of Journal Paper 

 

 

 

 

 

 

 

F. 

 

Pengecaman Output 

Output Identification 

 

Sila tandakan penerangan yang berkaitan pada senarai berikut:  

Please tick the relevant description as given below: 
 Suatu sumbangan besar kepada bidang ilmu yang berkaitan 

A major contribution to knowledge (new knowledge) in the respective discipline 

 Suatu sumbangan kecil tetapi bermakna kepada bidang ilmu yang berkaitan 

A minor but important contribution to knowledge in the respective discipline  

 Suatu sumbangan besar kepada teknologi/ciptaan/algoritma dalam bidang yang berkaitan 

A major contribution to technology/invention/algorithm or a tangible product 

 

 

Suatu sumbangan kecil tetapi bermakna kepada teknologi/ciptaan/algoritma berkaitan 

A minor but important contribution to relevant  technology/invention/algorithm 

X Terdapat potensi yang baik untuk kajian lanjutan ke arah pemasaran 

There is a good potential for further R & D and commercialization 

 Suatu sumbangan besar kepada kerangka polisi pengurusan/garis panduan 

A major contribution to management policy framework/guidelines (in relevant areas) 

X Suatu sumbangan kecil tetapi bermakna kepada kerangka polisi pengurusan/garis panduan 

A minor contribution to management policy framework/guidelines (in relevant areas) 

X Sesuai untuk dijadikan bahan pengajaran/case study atau bahan latihan 

The finding is suitable for use as a complementary teaching/training material (a case study)  

 Suatu output yang baik dan berpotensi untuk memenangi hadiah penyelidikan 

A quality output that has a potential for winning a research award 

 Suatu bahan yang baik/sesuai untuk hebahan atau pameran 

A good/suitable material for showcasing/publicizing/exhibition 

 

Lain-lain/Others (Sila nyatakan/Please specify) 
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G. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sinopsis Hasil Penyelidikan bagi Tujuan Promosi 

Synopsis for Promotional Purposes 
(Beri huraian ringkas yang tidak melebihi 400 perkataan dan dalam bahasa yang mudah, bagi maksud hebahan hasil 

penyelidikan ini melalui media massa dan ‘Unimas Research Update’) 

(Please provide a synopsis not exceeding 400 words, in a not-too-technical language, for the purpose of promoting 

these research findings through the mass media and Unimas Research Update). 

 

A campus shall be a comprehensive development that values the university community where 

teaching, learning activities, research, administrative operations and leisure are conducted in an 

approach that enhances and protects the environment. A conducive environment resulted from a 

well-planned campus, will support the campus community structure altogether. 

 

Infill development in UNIMAS shall be the process of developing vacant or pocket under-used 

spaces within existing developed campus areas. Ideally, infill development encourages 

development within the defined footprint. A successful infill development planning should focus 

on the job of crafting well-functioning campus environment. Infill sites are normally located 

within existing development which reduce the need for major earthwork of which indirectly 

reducing emission for earthwork activities. Thus it has a significant economic benefit in avoiding 

new infrastructure development.  

 

The objective of the study was to identify and record potential infill spaces in UNIMAS West 

Campus, especially on the existing structures and under used spaces. From the study, it was 

found that UNIMAS campus has void spaces that have a lot of potential to develop.  

 

The study identified potential usage to these spaces that could promote vibrant and conducive 

campus environment. The spaces shall be able to connect existing structures; thus it shall add 

value to the existing buildings. Based on the identification of the pocket under used spaces in the 

campus, researchers have come up with a draft Infill Development Mapping for the UNIMAS 

West Campus. The mapping is based on the suggestion that a campus planning shall look into a 

balanced development which will encompass environmental, social and economic aspects in 

order to create a unifying campus system. Attention to the planning of infill development is 

essential to ensure that the future new development fits the existing context, to be structured and 

integrated accordingly with the existing campus environment.  

 

 Catatan Penting/Important Notes 

 

Penyelidik diminta mengemukakan kepada Pusat Penyelidikan: 

 Borang ini dalam kedua-dua bentuk bercetak dan elektronik 

Researchers are required to submit to the Research Centre: 

 This form in both hard- and soft-copies 

 

                                                                                 31/01/2019 

……………………………………….   …………………………… 

        Tandatangan (Penyelidik Utama)        Tarikh                                      

        Signature (Principal Researcher)                               Date                                                             
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 RINGKASAN LAPORAN AKHIR 
GERAN PENYELIDIKAN OSAKA GAS 

END OF OSAKA GAS                                                                                          
GRANT REPORT SUMMARY 

 

 
 
A. Tajuk Projek 

Project Title 
 
 
 

:  
CONSERVING INDIGENEOUS CULTURE THROUGH 
FIRE PREVENTION : DEVELOPING A LONGHOUSE 
PASSIVE FIRE BARRIER  
 

 Ketua Penyelidik 
Project Leader 

:  
Zayn Al-Abideen Gregory 

 Fakulti/Institut 
Faculty/Institute 
 
 

 
: 

 
Faculty of Engineering (Currently, Faculty of Built 
Environment) 

 Ahli Kumpulan Penyelidik 
Research Team Members 
 
 
 
 
 
 

:  
Dr Bambang Karsono 
Yon Syafni bt Samat 
Dona Rose Koesmeri 
Prof Ar Nurakmal Abdullah Goh 
 

B. Tarikh Geran Diluluskan 
Grant Approval Date 

: 23/1/2018 

 Tempoh Projek 
Project Duration 

: 1 year (12 months) 

 Peruntukan Yg. Diluluskan 
Budget Approved 

: RM7000 

 Perbelanjaan Terkini 
Expenditure To-Date 

: Nil  

 
C. 
 
 
 
 
 
 
 

 
Pencapaian Keseluruhan  
Overall Achievement 
Huraikan pencapaian berbanding objektif, hipotesis serta permasalahan asal yang diselidiki.. 
Describe the achievements in  relation to the original objectives, hypothesis and research 
problems. 
 
The research team visited three longhouses in the Seri Aman area: two built of wood in the 
1980s-1990s and one built of masony and reinforced concrete in recent years.   
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Photodocumentation of architectural details and the site itself were taken.  
 
Measurements were carried out, resulting in a plan drawing to scale of the two wooden 
longhouses.   
 
Impromptu interviews were conducted with local residents. 

 
D. 
 
 
 
 
 
 
 

 
Pencapaian Utama 
Key Findings 
 
Partition walls between units are in place, together with fire safety equipment such as portable 
fire extinguishers.  Local government officials are responsive in testing and replacing fire 
extinguishers.  Nonetheless the interconnected nature of the longhouse prevents further 
improvements to fire safety, if building continues to be from wood. 
 
Residents of the modern masonry longhouse appeared to thoroughly enjoy their building, and the 
transition to modern materials does not appear to negatively affect their communal culture or 
lifestyle. The idea that a particular typology must remain frozen in time to be authentic must be 
challenged and rethought.  Rather than perpetuating wooden longhouse construction in the face 
of fire risk, perhaps architects can work with other stakeholders to develop new materials and 
forms to conserve the vibrant, living communal culture that is the animating soul of the wooden 
longhouse. 
 

 
E, 

 
Hasil Penyelidikan 
Deliverables 
 
Sila tandakan item yang berkaitan pada senarai berikut:  
Please tick the relevant items below: 
 Item Bilangan/Number 
 Kertas teknikal/bersiri dalaman 

Internal technical/serial papers 
 

 Tesis/disertasi pelajar sarjana 
Student’s Masters thesis/dissertation 

 

 Tesis pelajar PhD 
Student’s PhD thesis 

 

 Kertas persidangan tempatan  
Local conference papers 

 

 Kertas persidangan antarabangsa 
International conference papers 

 

 Makalah dalam jurnal tempatan 
Local journal papers 

 

 Makalah dalam jurnal antarabangsa  
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International journal papers 
 Monograf atau buku 

Book/monograph 
 

 
Lain-lain/others (sila nyatakan/please specify) 
 
The research team still hopes to publish findings in 2019. 
 
 
Sila senaraikan maklumat (pengarang, tahun, tajuk, jurnal/penerbit, jilid, halaman) bagi 
penerbitan/tesis yang dihasilkan (jika ada). 
Please specify the publications (authors, year, title, journal/publisher, volume, page nos.) (if 
any) 
 
 
 
 
 
 
 
 
 

 
F. 

 
Pengecaman Output 
Output Identification 
 
Sila tandakan penerangan yang berkaitan pada senarai berikut:  
Please tick the relevant description as given below: 

 Suatu sumbangan besar kepada bidang ilmu yang berkaitan 
A major contribution to knowledge (new knowledge) in the respective discipline 

X Suatu sumbangan kecil tetapi bermakna kepada bidang ilmu yang berkaitan 
A minor but important contribution to knowledge in the respective discipline  

 Suatu sumbangan besar kepada teknologi/ciptaan/algoritma dalam bidang yang berkaitan 
A major contribution to technology/invention/algorithm or a tangible product 

 
 

Suatu sumbangan kecil tetapi bermakna kepada teknologi/ciptaan/algoritma berkaitan 
A minor but important contribution to relevant  technology/invention/algorithm 

 Terdapat potensi yang baik untuk kajian lanjutan ke arah pemasaran 
There is a good potential for further R & D and commercialization 

 Suatu sumbangan besar kepada kerangka polisi pengurusan/garis panduan 
A major contribution to management policy framework/guidelines (in relevant areas) 

 Suatu sumbangan kecil tetapi bermakna kepada kerangka polisi pengurusan/garis panduan 
A minor contribution to management policy framework/guidelines (in relevant areas) 

X Sesuai untuk dijadikan bahan pengajaran/case study atau bahan latihan 
The finding is suitable for use as a complementary teaching/training material (a case study)  

 Suatu output yang baik dan berpotensi untuk memenangi hadiah penyelidikan 
A quality output that has a potential for winning a research award 

 Suatu bahan yang baik/sesuai untuk hebahan atau pameran 
A good/suitable material for showcasing/publicizing/exhibition 

 
Lain-lain/Others (Sila nyatakan/Please specify) 
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G. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Sinopsis Hasil Penyelidikan bagi Tujuan Promosi 
Synopsis for Promotional Purposes 
(Beri huraian ringkas yang tidak melebihi 400 perkataan dan dalam bahasa yang mudah, bagi maksud hebahan hasil 
penyelidikan ini melalui media massa dan ‘Unimas Research Update’) 
(Please provide a synopsis  not exceeding 400 words, in a not-too-technical language, for the purpose of promoting 
this research findings through the mass media and Unimas Research Update). 
 
Archtectural researchers from the Faculty of Built Environment visited several longhouse in the 
Seri Aman area to investigate the ruinous fires that are a frequent and recurring problem among 
traditional wooden longhouses.  After examining the ways longhouses are built and speaking 
with the people who live there, researchers suggest that the true spirit of the longhouse is not that 
it should be made of wood, but that it should be designed in a way that allows the traditional 
communal culture and social lifestyle of the people to flourish.  Once it is recognized that the 
goal is preservation of way of life and not merely a type of building, architects and the 
communities can begin to imagine new ways to build longhouses that serve the culture and 
lifestyle of the people while keeping them safe.    

 Catatan Penting/Important Notes 
 
Penyelidik diminta mengemukakan kepada Pusat Penyelidikan: 
• Borang ini dalam kedua-dua bentuk bercetak dan elektronik 
Researchers are required to submit to the Research Centre: 
• This form in both hard- and soft-copies 
 
 
 
 
……………………………………….   …………21/1/2019……… 
        Tandatangan (Penyelidik Utama)        Tarikh                                      
        Signature (Principal Researcher)                               Date                                                             
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A. Tajuk Projek 

Project Title 

 

 

 

: Drying Processing of Lemantak (Sago Powder) using An 

Automated Machine for Cottage Industries in Sarawak 

 

 Ketua Penyelidik 

Project Leader 

: Dr Shahrol Mohamaddan 

 Fakulti/Institut 

Faculty/Institute 
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Fakulti Kejuruteraan 

 Ahli Kumpulan Penyelidik 

Research Team Members 

 

 

 

:  

i. Muhamad Fadzli Ashari  

ii. Abang Mohamad Aizuddin  
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B. Tarikh Geran Diluluskan 

Grant Approval Date 

: 1 January 2018 

 Tempoh Projek 

Project Duration 

: 1 year  

 Peruntukan Yg. Diluluskan 

Budget Approved 

: USD 2,400 (RM 10,000) 

 Perbelanjaan Terkini 

Expenditure To-Date 

: RM 9,866 

 

C. 

 

 

 

 

 

 

 

 

 

 

 

Pencapaian Keseluruhan  

Overall Achievement 

Huraikan pencapaian berbanding objektif, hipotesis serta permasalahan asal yang diselidiki. 

Describe the achievements in relation to the original objectives, hypothesis and research 

problems. 

 

In this project, the conceptual design and analysis of a new sago drying machine was completed. 

Finite element analysis (FEA) simulation software was applied together with mathematical 

modelling in order to prove the conceptual design. Based on the mathematical modelling and 

simulation analysis results, the new design of sago drying machine is considered acceptable and 

safe to be fabricated. Unfortunately, more time is needed in order to fabricate and test the 
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machine. Therefore, the focus of this study is more on the simulation analysis.  

 

One final year project thesis was produced from this grant. Besides, one conference paper and 

one journal paper were also published as the output. The output from this grant can be 

considered as a minor contribution to the knowledge related to sago drying. This research has a 

potential to be expanded since the sago drying is one of the major research topics in Sarawak.  

 

 

D. 

 

 

 

 

 

 

 

 

Pencapaian Utama 

Key Findings 

 

• A new design of sago drying machine  

• Mathematical modelling of the design structure 

• Simulation analysis of the design structure using finite element method (FEA) 

• Proposed material for sago design machine 

 

E, 

 

Hasil Penyelidikan 

Deliverables 

 

Sila tandakan item yang berkaitan pada senarai berikut:  

Please tick the relevant items below: 

 Item Bilangan/Number 

 Kertas teknikal/bersiri dalaman 

Internal technical/serial papers 

 

 Tesis/disertasi pelajar sarjana 

Student’s Masters thesis/dissertation 

 

 Tesis pelajar PhD 

Student’s PhD thesis 

 

 Kertas persidangan tempatan  

Local conference papers 

InTEX 2018 

 Kertas persidangan antarabangsa 

International conference papers 

 

 Makalah dalam jurnal tempatan 

Local journal papers 

Journal of 

Sustainability Science 

and Management 

(2019), 14(4), pp. 86-

93, ISSN 2672-7226 

 Makalah dalam jurnal antarabangsa 

International journal papers 

 

 Monograf atau buku 

Book/monograph 

 

 

Lain-lain/others (sila nyatakan/please specify) 

 

1. One final year student (Lew Hao Xian) 
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Sila senaraikan maklumat (pengarang, tahun, tajuk, jurnal/penerbit, jilid, halaman) bagi 

penerbitan/tesis yang dihasilkan (jika ada). 

Please specify the publications (authors, year, title, journal/publisher, volume, page nos.) (if 

any) 

 

Lew Hao Xian, Conceptual Design and Analysis of Sago Drying Machine, Final Year Project 

Dissertation, Universiti Malaysia Sarawk (UNIMAS), 2018 

 

 

F. 

 

Pengecaman Output 

Output Identification 

 

Sila tandakan penerangan yang berkaitan pada senarai berikut:  

Please tick the relevant description as given below: 
 Suatu sumbangan besar kepada bidang ilmu yang berkaitan 

A major contribution to knowledge (new knowledge) in the respective discipline 

 Suatu sumbangan kecil tetapi bermakna kepada bidang ilmu yang berkaitan 

A minor but important contribution to knowledge in the respective discipline  

 Suatu sumbangan besar kepada teknologi/ciptaan/algoritma dalam bidang yang berkaitan 

A major contribution to technology/invention/algorithm or a tangible product 

 

 

Suatu sumbangan kecil tetapi bermakna kepada teknologi/ciptaan/algoritma berkaitan 

A minor but important contribution to relevant technology/invention/algorithm 

 Terdapat potensi yang baik untuk kajian lanjutan ke arah pemasaran 

There is a good potential for further R & D and commercialization 

 Suatu sumbangan besar kepada kerangka polisi pengurusan/garis panduan 

A major contribution to management policy framework/guidelines (in relevant areas) 

 Suatu sumbangan kecil tetapi bermakna kepada kerangka polisi pengurusan/garis panduan 

A minor contribution to management policy framework/guidelines (in relevant areas) 

 Sesuai untuk dijadikan bahan pengajaran/case study atau bahan latihan 

The finding is suitable for use as a complementary teaching/training material (a case study)  

 Suatu output yang baik dan berpotensi untuk memenangi hadiah penyelidikan 

A quality output that has a potential for winning a research award 

 Suatu bahan yang baik/sesuai untuk hebahan atau pameran 

A good/suitable material for showcasing/publicizing/exhibition 

 

Lain-lain/Others (Sila nyatakan/Please specify) 

 

 

 

G. 

 

 

 

 

 

 

 

 

 

 

 

Sinopsis Hasil Penyelidikan bagi Tujuan Promosi 

Synopsis for Promotional Purposes 
(Beri huraian ringkas yang tidak melebihi 400 perkataan dan dalam bahasa yang mudah, bagi maksud hebahan hasil 

penyelidikan ini melalui media massa dan ‘Unimas Research Update’) 

(Please provide a synopsis not exceeding 400 words, in a not-too-technical language, for the purpose of promoting 

this research findings through the mass media and Unimas Research Update). 

 

The increasing demand for sago flour indicates the need to enhance its production. The objective 

of this research is to propose a new design of a sago drying machine and conduct a finite element 

analysis (FEA) simulation on its structure. The sago drying machine was developed based on a 

tray-mixer concept. Mathematical modelling and simulation analysis were conducted on three 

critical parts; the tray, support plate and mixer. The maximum stress for the tray bending was 



 4 

 

 

 

 

 

 

 

 

6.51 MPa with manual calculation and 7.37 MPa with simulation analysis. The tray-bending 

deflection was 0.52 mm with manual calculation and 0.53 mm with simulation analysis. For 

support plate bending, the maximum stress was 17.33 MPa with manual calculation and 12.87 

MPa with simulation analysis. The deflection for support plate bending was 1.06 mm with 

manual calculation and 1.04 mm with simulation analysis. Lastly, the maximum stress acting on 

the mixer was 1.09 MPa and maximum deflection was 0.0035 mm. The error between 

mathematical calculation and FEA simulation was based on different assumptions on the model 

and limitation of dimensions covered, for example, the 2D and 3D views. Data from this 

research could be used to improve the structural design of a new sago drying machine. 

 

 

 Catatan Penting/Important Notes 

 

Penyelidik diminta mengemukakan kepada Pusat Penyelidikan: 

• Borang ini dalam kedua-dua bentuk bercetak dan elektronik 

Researchers are required to submit to the Research Centre: 

• This form in both hard- and soft-copies 

 

 

                                                                               17/9/2019 

……………………………………….   …………………………… 

        Tandatangan (Penyelidik Utama)        Tarikh                                      

        Signature (Principal Researcher)                               Date                                                             
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: RM 5500 

 
C. 
 
 
 
 
 
 
 

 
Pencapaian Keseluruhan  
Overall Achievement 
Huraikan pencapaian berbanding objektif, hipotesis serta permasalahan asal yang diselidiki.. 
Describe the achievements in relation to the original objectives, hypothesis and research 
problems. 
 
This study investigates the mechanical behavior of Fibre- Reinforced Mortar (FRM) mixed with 
Treated Palm Oil Fuel Ash (POFA). This research is divided into 4 stages which are; 
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determination of optimum mix design, determination of optimum amount of POFA, 
determination of optimum amount of fibres and analysis of displacement ductility ratio. In the 
compressive strength result it can be seen that sample with 40% POFA inclusion mixed with 
10kg/m3 poly propylene fibres gives higher strength compare to 100% OPC mixed with 10kg/m3 
poly propylene fibers. Other than that, sample with 40% POFA inclusion mixed with 15kg/m3 
and 10kg/m3poly propylene fibres give the highest ductility ratio which are 7.8 and 13.3 for 28 
and 56 days respectively. Scanning Electron Microscopy (SEM) was conducted to observe the 
surface morphology of the fibre reinforced mortar. Based on the results and observations from 
various POFA inclusions with 10, 15, and 20 kg/m3 of poly propylene fibers, impressive results 
was obtained on the mechanical strength for 40% POFA with additions of 10 kg/m3 and 15kg/m3 
of poly propylene fibres. It can be concluded that the addition of POFA can enhance the strength 
properties of the mortar in term of compressive strength while, fibers can enhance the tensile 
properties of the mortar which is beneficial in reducing the usage of Ordinary Portland Cement 
(OPC) and Steel Bar Reinforcement. 
 
 
 

 
D. 
 
 
 
 
 
 
 

 
Pencapaian Utama 
Key Findings 
 

1. Result in stage 1 shows that the highest compressive result test was by sample with SP = 
2% and 0.20 w/c ratio which is 69.1 MPa at 28days. This sample mix design was used 
for the entire research. 

2. Result in stage 2 shows that mortar sample with 10% POFA inclusion gives the highest 
compressive strength which is 96.3 MPa. However, after considering few factor which 
had been agreed upon such as lowering the usage of cement in cocnrete, 40% POFA 
inclusion was used for the next stage.  

3. Results in stage 3 shows that the compressive strength of Fibre Reinforced Mortar that 
contains 40 % microfine POFA as partial cement replacement mixed with 10 kg/m3 of 
polypropylene fibre gives the highest reading of compressive strength at 56 days of 
curing which is 79.5 MPa. While, fibre Reinforced mortar for 100% OPC with 20 kg/m3 
of polypropylene fibre give the highest reading of compressive strength at 56 days of 
curing which is 82.4 MPa. Hence, the optimum Fibre Reinforced Mortar in term of 
compressive strength will be 40% microfine POFA with 10 kg/m3 fibres.  

4. Fibre Reinforced Mortar (FRM) sample with 40% POFA and inclusion of fibres (10 – 15 
kg/m3) shows a relatively good ductility ratio value. This is due to the good fibres bond 
with mortar due to contribution of POFA properties such as low particle size compared to 
Ordinary Portland Cement (OPC). 

5. Scanning Electron Microscopy (SEM) results shows the morphology of the sample at the 
age of 7 and 28 days. The differences can be seen from the bond of mortar and fibres 
whereby the sample at age 28 days shows a good fibre-mortar bonding results 
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E, Hasil Penyelidikan 
Deliverables 
 
Sila tandakan item yang berkaitan pada senarai berikut:  
Please tick the relevant items below: 
 Item Bilangan/Number 
 Kertas teknikal/bersiri dalaman 

Internal technical/serial papers 
 

√ Tesis/disertasi pelajar sarjana 
Student’s Masters thesis/dissertation 

1 

 Tesis pelajar PhD 
Student’s PhD thesis 

 

√ Kertas persidangan tempatan  
Local conference papers 

1 

 Kertas persidangan antarabangsa 
International conference papers 

 

 Makalah dalam jurnal tempatan 
Local journal papers 

 

√ Makalah dalam jurnal antarabangsa 
International journal papers 

1 

 Monograf atau buku 
Book/monograph 

 

 
Lain-lain/others (sila nyatakan/please specify) 
 
 
 
 
Sila senaraikan maklumat (pengarang, tahun, tajuk, jurnal/penerbit, jilid, halaman) bagi 
penerbitan/tesis yang dihasilkan (jika ada). 
Please specify the publications (authors, year, title, journal/publisher, volume, page nos.) (if 
any) 
 
 
Saiful, M. S. (2019) Mechanical Behaviour of Fibre Reinforced Mortar (FRM) Mixed With 
Palm Oil Fuel Ash (POFA). Master Thesis, Universiti Malaysia Sarawak ( In progress for 
submission and for viva session) 
 
Ahmadi, R., Lucas, D.E., Machillies, E., Saiful, M.S., Mannan, M.D. and Ismail, I. (2018) Effect 
of fibre (Polypropylene) Volume in Mortar Mixed with POFA (2018). INTEX-2018. Oral 
Presentation 
 
 
Ahmadi, R., Lucas, D.E., Machillies, E., Saiful, M.S., Mannan, M.D. and Ismail, I. (2018) Effect 
of fibre (Polypropylene) Volume in Mortar Mixed with POFA (2018) Journal of Sustainability 
Science and Management (JSSM). (Waiting for approval) 
 
  
Publication to International Journal is in progress.  
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F. 

 
Pengecaman Output 
Output Identification 
 
Sila tandakan penerangan yang berkaitan pada senarai berikut:  
Please tick the relevant description as given below: 

 Suatu sumbangan besar kepada bidang ilmu yang berkaitan 
A major contribution to knowledge (new knowledge) in the respective discipline 

√ Suatu sumbangan kecil tetapi bermakna kepada bidang ilmu yang berkaitan 
A minor but important contribution to knowledge in the respective discipline  

 Suatu sumbangan besar kepada teknologi/ciptaan/algoritma dalam bidang yang berkaitan 
A major contribution to technology/invention/algorithm or a tangible product 

 
 

Suatu sumbangan kecil tetapi bermakna kepada teknologi/ciptaan/algoritma berkaitan 
A minor but important contribution to relevant  technology/invention/algorithm 

 Terdapat potensi yang baik untuk kajian lanjutan ke arah pemasaran 
There is a good potential for further R & D and commercialization 

 Suatu sumbangan besar kepada kerangka polisi pengurusan/garis panduan 
A major contribution to management policy framework/guidelines (in relevant areas) 

 Suatu sumbangan kecil tetapi bermakna kepada kerangka polisi pengurusan/garis panduan 
A minor contribution to management policy framework/guidelines (in relevant areas) 

√ Sesuai untuk dijadikan bahan pengajaran/case study atau bahan latihan 
The finding is suitable for use as a complementary teaching/training material (a case study)  

 Suatu output yang baik dan berpotensi untuk memenangi hadiah penyelidikan 
A quality output that has a potential for winning a research award 

 Suatu bahan yang baik/sesuai untuk hebahan atau pameran 
A good/suitable material for showcasing/publicizing/exhibition 

 
Lain-lain/Others (Sila nyatakan/Please specify) 
 
 
 
 
 

 
G. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Sinopsis Hasil Penyelidikan bagi Tujuan Promosi 
Synopsis for Promotional Purposes 
(Beri huraian ringkas yang tidak melebihi 400 perkataan dan dalam bahasa yang mudah, bagi maksud hebahan hasil 
penyelidikan ini melalui media massa dan ‘Unimas Research Update’) 
(Please provide a synopsis  not exceeding 400 words, in a not-too-technical language, for the purpose of promoting 
this research findings through the mass media and Unimas Research Update). 
 
 
The durability of the materials is a key factor in selection of building materials in civil 
construction.  The society is now concerned with the cost of building materials, duration of 
construction work, infrastructure refurbishment and rehabilitation. These factors are important to 
be considered in order to achieve longer life spans of certain structures.  
 
 
Based on the results and observations from various POFA inclusions with 10, 15, and 20 kg/m3 
of poly propylene fibers, impressive results was obtained on the mechanical strength for 40% 
POFA with additions of 10 kg/m3 of poly propylene fibres which is 79.5MPa compressive 
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strength value. It can be concluded that the addition of POFA can enhance the strength 
properties of the mortar in term of compressive strength while, fibers can enhance the tensile 
properties of the mortar which is beneficial in reducing the usage of Ordinary Portland Cement 
(OPC) and Steel Bar Reinforcement.  
 
It is expected that this high strength fiber reinforced concrete (HSFRC) can help to improve the 
durability of houses in coastal area in Sarawak which are exposed to corrosion. Besides, HSFRC 
could sustain high amount of loadings and impact which can be beneficial for buildings located 
in high seismic areas.   
 

 Catatan Penting/Important Notes 
 
Penyelidik diminta mengemukakan kepada Pusat Penyelidikan: 
• Borang ini dalam kedua-dua bentuk bercetak dan elektronik 
Researchers are required to submit to the Research Centre: 
• This form in both hard- and soft-copies 
 
 
 

                                                      13 September 2019 
        Tandatangan (Penyelidik Utama)        Tarikh                                      
        Signature (Principal Researcher)                               Date                                                             
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