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Abstract

Bamboo is considered as one of the new emerging materials which possess a great economic potential and
environmentally conscious. This study utilize bamboo as an alternative resource for power generation to reduce the
greenhouse gas emission (GHG). The project aims to (1) analyse the characteristics of bamboo feedstock as potential
biomass energy; (2) evaluate the performance of biomass bamboo APL Power Pallet in term of electricity power
output; (3) identify optimal operation of biomass bamboo from APL Power Pallet using Design of Experiment (DOE).
Physicochemical characterization is adopted to study the behavioural of bamboo resource by performing the proximate
analysis, ultimate analysis and chemical composition. The data is then analyse using comparative analysis. Physical
experiment is conducted using APL Power Pallet with installed gasification system. Design of Experiment (DOE)
employ 23 full factorial experiment design in two levels (high/low) to study the significant factors effecting the power
output where the effecting parameters are bamboo types, moisture content and feedstock size. Thus, statistical analysis
is carried out using Analysis of Variance (ANOVA) constructed in Minitab 19 software. Regression model is
performed to predict the optimal setting of the operations. Therefore, the expected result for DOE experiment is to
find the significant factors that affecting the output of electrical energy from APL Power Pallet using biomass bamboo.
The result of this study is expected to contribute in future research of bamboo as potential renewable energy on the
development of large-scale biomass bamboo power plant in Malaysia.
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1. Introduction (12 font)

Malaysia is endowed with a variety of primary energy resources such as oil, coal, natural gas and renewable energy.
Due to the growth of population and industrializations, Malaysia’s energy demand is projected to increase at an
average annual rate of 2.1% with 69 Mtoe by 2035 as shown in Figure 1 under business-as-usual (BAU) assumptions
(APERC, 2012). Therefore, according to (Energy Commission, 2020), the projected capacity mix for Peninsular
Malaysia is shown in Figure 2 where renewable energy capacity is expected to increase from 9% to 23% by 2030,
while fossil fuels capacity share is expected to decrease from 82% to 70%. Biomass has been identified as one of the
most promising sustainable renewable energy resources for reducing reliance on fossil fuels. Main resource of biomass
energy in Malaysia are from the oil palm, empty fruit bunches, palm kernel shells, sugarcane bagasse, and rice husk.

Figure 1: Malaysia’s energy demand (APERC, 2012)
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Figure 2: Malaysia capacity mix for 2020 to 2030 (Energy Commission, 2020).
The issue of a sustainable energy supply and diversified energy resources is currently the most pressing challenge
confronting Malaysia's energy sector (Chin et al., 2017). The challenge with biomass is that several biomass plants
source feedstock from the same area, thus resulted in a feedstock shortage (Zulkifli, 2021). Due to the concern,
biomass sources derived from grasses and herbaceous plants are preferred regards to its rapid growth and higher
biomass production. Therefore, bamboo is an outstanding biomass resource due to its high productivity rate and short
harvest cycle when compared to other naturally growing resources makes it as one of the viable options for biomass
energy. The physical and mechanical properties of bamboo have been widely studied by many researchers all over the
world. However, there is lack of study on electrical generation from biomass bamboo gasification. Although the
utilization of lignocellulosic materials from bamboo for other purposes has been well documented, a review of the
majority of research specific to the production of bioenergy from bamboo has not been presented to date. (Chin et al.,
2017).
The electricity can be produced from biomass through thermochemical conversion with three different ways which is
direct combustion, gasification and pyrolysis. Biomass gasification generates syngas, which is used to power internal
combustion gas engines or gas turbines. Small-scale biomass gasification is very common, particularly in agriculture,
and conventional internal combustion engines are commonly used to drive generators (Rycroft, 2019). This study is
importance in order to develop an alternative for electricity generation from renewable energy resources to meet the
energy demand in Malaysia. This study also provides the optimal operation of the most effective technology in
converting biomass feedstock into syngas and electricity. The result of this study is expected to contribute in future
research of bamboo as potential renewable energy on the development of large-scale biomass bamboo power plant in
Malaysia.

1.1 Objectives (11 font)

The project aims to (1) analyse the characteristics of bamboo feedstock as potential biomass energy; (2) evaluate the
performance of biomass bamboo APL Power Pallet in term of electricity power output; (3) identify optimal operation
of biomass bamboo from APL Power Pallet using Design of Experiment (DOE).

2. Literature Review (12 font)
2.1 Bamboo Biomass Characteristics

Bamboo is widely known and used throughout the civilization, with its intensively applications in construction,
furniture, food, fabrics, paper, biofuel, charcoal, pulp, ornamental garden planting, and environmental characteristics
(Emamverdian, et al., 2020). According to (Lobovikov, et al., 2007), bamboo is abundant in other countries on three
continents as in Figure 3 where Asia remains the richest region of 65%, followed with 28% in Latin America, and 7%
in Africa. Meanwhile, bamboo covers more than 31 million hectares of forestland worldwide, with China, Brazil, and
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India accounting for more than 60% of it (Food and Agriculture Organization of the United Nations, 2010). According
to Forestry Department of Peninsular Malaysia, the country encompasses with 70 bamboo species of 10 genera where
Peninsular Malaysia were the largest bamboo species diversity, with 59 species. Peninsular Malaysia amounted
bamboo cultivation of 329,000 hectares represented 31% of the total area compared to Sarawak with 45% and Sabah
with 24% (Primary Industries Ministry, 2018). Bamboo is regarded as one of the most sustainable, renewable resources
due to its usefulness and speed of growth. It is a viable solution and resource that both extremely beneficial and
environmentally friendly in many applications including power generation.

7%

Asia

28%

Latin America
Africa
65%

Figure 3: World bamboo resource by continent.
According to (Truong & Le, 2014) this bamboo still have a woody stem or culm despite of being a grass that can reach
15 to 40 m height with the largest species known as Dendrocalamus giganteus, with a life span of 30 to 60 years.
Bamboo grows fasts and meet maturity in just 3 to 4 years compared to traditional timber, takes up 15 times longer
than bamboo before it can be harvested. The fact that bamboo is rapidly self-propagate after harvesting, introduce a
new bamboo forest quickly spring up preventing deforestation and soil erosion that is common with other types of
timber harness. Bamboo value however is largely underestimated nevertheless it’s widely application and
commercialization.
The primary chemical composition of bamboo is similar to wood, with over 90% consists of lignin, cellulose and
hemicelluloses (Sulaiman, et al., 2016; Sandu, et al., 2003; Chaowana, 2013). Moreover, bamboo has high mechanical
properties and is currently being considered as a substitution of wood (Wahab, et al., 2018). Bamboo also blessed with
its desirable fuel characteristics of low ash content, high volatile matter and high heat value. Furthermore, bamboo
has high calorific value almost equivalent to wood with low content of nitrogen and sulphur (Purbasari, et al., 2016).
These fuel characteristics of bamboo are similar to other dedicated biomass resources, resulted in a great potential for
electricity generation. Table 1 shows the comparison of biomass resources characteristics. The chemical constituents
in bamboo originating from different locations, physiological ages and species may vary, as well as within an
individual bamboo culm (Sulaiman, et al., 2019). Furthermore, Malaysia has the potential to develop and
commercialize the bamboo industry as its climate and soil conditions are ideal for the cultivation of the plant on a
large-scale (Said, 2019).
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Table 1: Comparison of different biomass resources and coal characteristics.
Biomass

Ultimate analysis (mass %)
C
H
O
N
S
48.25 6.41 42.69 0.15 0.03

HHV

Reference

PKS

Proximate analysis (mass %)
M
VM
FC
A
8.19 70.45 18.89 2.47

19.82

EFB

7.80

79.34

8.36

4.50

43.52

5.72

48.90

1.20

0.66

15.22

Sugarcane
bagasse
Bamboo

6.70

91.70

8.30

10.30

51.90

6.90

40.50

0.40

0.50

16.60

-

73.56

19.94

3.51

43.84

6.05

46.53

0.07

-

18.70

Bamboo
(Ampel)
Bituminous
Coal

7.61

74.30

8.69

9.41

39.75

5.75

-

0.00

-

-

5.19

31.87

58.16

4.78

75.39

4.64

12.08

1.11

0.53

25.88

(Waluyo, et al.,
2018)
(Lahijani &
Zainal, 2014)
(Aboyade, et
al., 2013)
(Chew &
Doshi, 2011)
(Sucipta, et al.,
2012)
(Geng, et al.,
2016)

2.2 Gasification

Gasifiers refine biomass feedstocks into a clean-burning gaseous fuel which is producer gas that is compatible with
internal combustion engines. The system converts biomass feedstock into producer gas using the processes of
gasification including four stages which is the drying, pyrolysis, combustion and reduction. One of the critical aspects
of gasification operations is to reach a sufficient quality of syngas and low temperatures in order to avoid potential
harm to the engine. The gas yields and carbon conversion efficiencies acquired from bamboo gasification were
identical to those obtained from other biomass materials, but higher than cellulose (Wongsiriamnuay, et al., 2013).
The technology is widely adopted in the ASEAN region for biomass energy generation in regards of its ability to
reduce the greenhouse gas (GHG) level.
The drying process removes moisture from the feedstock using heat reclaimed from the producer gas. Pyrolysis is the
charring process by which the feedstock is converted into charcoal and large quantities of flammable tar gases.
Following pyrolysis, the tar gases descend through the combustion zone, which burns a portion of the tar gases and
the charcoal to provide heat for the rest of the processes. Tar cracking, which is the thermal decomposition of the
remaining tar gases into CO and H2 gas, happens concurrently with combustion in the void spaces between the pieces
of charcoal resulting in cleaner producer gas. The water vapor and carbon dioxide produced during combustion react
with the hot charcoal in the reduction zone, carbon dioxide and water vapor are reduced. Produce clean burning
gaseous fuels. This conversion of the energy feedstock into clean-burning flammable wood gas is the ultimate
objective of gasification (All Power Labs, n.d.). Therefore, Table 2 summarize the gasification processes.
Table 2: Summarization of gasification process (All Power Labs, n.d.)
Gasification processes
*Drying
*Pyrolysis
**Combustion and *tar
cracking
*Reduction

Temperature range
100° − 200°𝐶𝐶
400° − 600°𝐶𝐶
1000° − 1300°𝐶𝐶
(combustion)
800° − 900°𝐶𝐶 (tar
cracking)
> 600°𝐶𝐶

Chemical equation
𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑤𝑤𝑤𝑤𝑤𝑤 + ℎ𝑒𝑒𝑒𝑒𝑒𝑒 → 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐻𝐻2 𝑂𝑂 (𝑔𝑔)
𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑤𝑤𝑤𝑤𝑤𝑤 + ℎ𝑒𝑒𝑒𝑒𝑒𝑒 → 𝐶𝐶𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑡𝑡𝑡𝑡𝑡𝑡 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

𝐶𝐶𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑡𝑡𝑡𝑡𝑡𝑡 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝑂𝑂2 → 𝐶𝐶𝐶𝐶2 (𝑔𝑔) + 𝐻𝐻2 𝑂𝑂 (𝑔𝑔) + ℎ𝑒𝑒𝑒𝑒𝑒𝑒
𝑡𝑡𝑡𝑡𝑡𝑡 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + ℎ𝑒𝑒𝑒𝑒𝑒𝑒 → 𝐶𝐶𝐶𝐶 + 𝐻𝐻2

* Endothermic (heat consuming), ** Exothermic (heat releasing)

𝐶𝐶𝐶𝐶2 + 𝐶𝐶𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 + ℎ𝑒𝑒𝑒𝑒𝑒𝑒 → 2𝐶𝐶𝐶𝐶
𝐻𝐻2 𝑂𝑂 + 𝐶𝐶𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 + ℎ𝑒𝑒𝑒𝑒𝑒𝑒 → 𝐶𝐶𝐶𝐶 + 𝐻𝐻2

Gasification is a viable alternative of turning coal, biomass, and some waste streams into electricity and useful byproducts. Gasification's advantages in specific applications and situations, particularly in the clean generation of
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electricity from biomass, might make it a more essential part of the global energy and industrial sectors. (U.S.
Department of Energy, n.d.).

3. Methods

Malaysia-Japan International Institute (MJIIT), Energy Lab currently only focused on study the gasification process.
Therefore, this study will try to extend the process until electrical generation. This study adopted two methods which
is the experimental and statistical where it focuses only on the two types of biomass feedstock which is bamboo
Semantan (Gigantochla scortechinii) and Betong (Dendrocalamus asper). Figure 4 illustrated the methodology flow
chart of this study.

Figure 4: Methodology flow chart.

3.1 Physicochemical Characterization

The physicochemical characterization of biomass bamboo is determined by performing the proximate analysis,
ultimate analysis and chemical composition. Thermogravimetric Analyzer (TGA) is used for proximate analysis to
determine the moisture content (MC), ash content (A), volatile matter (VM) and fixed carbon (Fc). Carbon Analyzer
is used to determine the content of carbon, hydrogen, oxygen, nitrogen and sulphur. Ultimate analysis represents the
components in the organic part of fuels. For chemical composition, analytical method is used in obtaining the
percentage of cellulose, hemicellulose and lignin of bamboo feedstock. The data from physicochemical
characterization is analysed using comparative analysis by comparing the characteristics of both bamboo feedstock
with other biomasses from literatures. To perform this, only 10g of each bamboo feedstock is needed. The
quantification of the physicochemical characterization of the raw material was performed at the Universiti Teknologi
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Malaysia, Skudai. Therefore, this characterization is very important to reduce risk of jams and bridging as well to
ensure the biomass resource is chemically compatible to reduce the risk of fouling by clinkers and mineral deposits.
Table 3 shows the engineering considerations of physicochemical characterization of lignocellulosic biomass.
Table 3: Engineering considerations of physicochemical characterization of lignocellulosic biomass.
Physicochemical
characterization
Density
Particle size
Moisture
content
Flowability
Grindability
Ash content
Volatile matter
Organic
compound
Energy content
(Heating value)
Thermal
properties
Chemical
composition

Engineering considerations

Reference

Design parameter for handling, storage and transportation facilities
Conversion efficiency and energy input requirement. Design
parameter for handling, storage and transportation facilities
High moisture content subjected to biochemical and hydrothermal
process, biomass with low moisture content preferred for
thermochemical conversion process. High moisture decreases the
heating value and creates ignition problem during its combustion
and increase the cost of transport and storage problem
Estimates of the potential risk of jams and bridging.

(Cai, et al., 2017)

Capability of processing into chips and resistance to grind
Estimates of the potential risk of slagging and fouling issues during
biomass combustion or gasification. lower ash content contributed
to increase in volatile matter.
Conversion efficiency. Higher volatile matter content gives higher
yield

(Cai, et al., 2017)
(Varma & Mondal,
2016)
(Cai, et al., 2017)
(Cai, et al., 2017)
(Braga, et al., 2014)
(Cai, et al., 2017)

Conversion efficiency

(Cai, et al., 2017)

Energy recovery efficiency

(Cai, et al., 2017)

Thermochemical conversion efficiency

(Cai, et al., 2017)

Conversion efficiency. Significant effect on reactivity and heating
value

(Cai, et al., 2017)

3.2 Physical Experiment

Physical Experiment is conducted using APL Power Pallet 20kW (APL PP20) at Green Energy Lab, Malaysia-Japan
International Institute of Technology (MJIIT). This machine offers a complete cycle of gasification process with
integrated gas engine and generator. 22kg of bamboo feedstock is needed to carry out this experiment. This
experiment is focused on the gasification system and power output of the electrical energy generated.
Gasification is the process of converting carbonaceous material into synthesis gas containing a high concentration of
hydrogen, carbon monoxide, carbon dioxide, and methane by using air as a gasifying agent (García, et al., 2017). The
experimental procedure of biomass bamboo involved four stages which is feedstock preparation, gasification process,
syngas purification and electricity generation. Feedstock size and moisture content are the key parameters in the
feedstock preparation stage due to their effect on the syngas composition and consequently, in the gasification
performance. The feedstock preparation includes the drying process and storing of the feedstock in order to have the
desired moisture content. Furthermore, the feedstock is required to sifted for desired size. Table 4 shows the feedstock
parameters required to be fed in the APL Power Pallet.
Table 4: Feedstock parameters.
Parameters
Moisture content
Feedstock size
Ash content

Unit
10% to 30% (dry weight)
12mm to 40mm
< 5%
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Figure 5 presents a schematic flowsheet of the APL Power Pallet used in the experimental procedure. The process
begins with the supply of bamboo feedstock into the hopper. Then, the feedstock flows to the drying bucket to remove
moisture from feedstock. The biomass flows downward by gravity to pyrolysis where the thermal breakdown
feedstock into tar gases and charcoal. Then, the biomass flows to combustion and tar cracking stage where air is added
to burn and crack tar gases. The last stage of gasification is reduction where it produces gaseous fuel. Ash produced
as the by-product from the gasification stages will go to collection vessel. From these processes, syngas is produced
from gasification process and purified into gas filter and enters gas engine where it burns the gas as prime mover and
followed with generator to turns motion into current. Thus, convert the mechanical energy into electrical energy.

Figure 5: Schematic flowsheet of the APL Power Pallet

3.3 Design of Experiment

Design of Experiment (DOE) is adopted to analyse the optimal operation of biomass bamboo from APL PP20 using
23 Full Factorial Design experiment. The independent variables are bamboo types, moisture content and feedstock
size, where the dependent variable is the power output generated from APL PP20. The data is analysed using Analysis
of Variance (ANOVA) from Minitab 19 software. Statistical and graphical analysis is presented in determining the
significant factors affecting the power output and the optimal setting of the biomass bamboo energy. Table 5 shows
the factors and design level of 23 Full Factorial Design experiment.
Table 5: Factors and design level.
Control factors

Labels

Low level setting (-1)

High level setting (+1)

Bamboo types

A

Betong (Dendrocalamus asper)

Semantan (Gigantochla scortechinii)

Moisture content

B

2%

10%

Feedstock size

C

12mm

100mm

Regression model is created through manual calculation to get the predicted values at optimal setting of power output
as in equation (1). The optimal setting of each significant variables is interpret using interaction plot.
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4. Conclusion

𝑦𝑦� = 𝛽𝛽0 + 𝛽𝛽1 𝑥𝑥1 + 𝛽𝛽2 𝑥𝑥2 + ⋯ 𝛽𝛽𝑘𝑘 𝑥𝑥𝑘𝑘 + 𝜀𝜀

(1)

The expected result of this study is (1) to come out with comparative analysis of the characteristics between biomass
resource and coal in order to analyse the characteristics of bamboo feedstock as potential biomass energy; (2) to
estimate the power output produced regards to the weight of the feedstock which evaluate the performance of biomass
bamboo APL Power Pallet in term of electricity power output; (3) to identify the significant factors affecting the power
output and determine the optimal operation of biomass bamboo from APL Power Pallet using Design of Experiment
(DOE). The findings of this study are expected to aid future research of bamboo as a potential renewable energy source
for the development of large-scale biomass bamboo power plants in Malaysia.

References

Aboyade, A. et al., Thermogravimetric study of the pyrolysis characteristics and kinetics of coal blends with corn and
sugarcane residues. Fuel Processing Technology, Volume 106, pp. 310-320. 2013.
All Power Labs, n.d. Section 1: Introduction to the Power Pallet PP20 v1.08, v1.09. In: USA: s.n.
APERC, APERC Analysis, Malaysia: Asia Pacific Energy Research Centre. 2012.
Braga, R. et al., Pyrolysis kinetics of elephant grass pretreated biomasses. Journal of Thermal Analysis and
Calorimetry, 117(3), pp. 1341-1348. 2014.
Cai, J. et al., Review of physicochemical properties and analytical characterization of lignocellulosic biomass.
Renewable and Sustainable Energy Reviews, Volume 76, pp. 309-322, 2017.
Chaowana, P., Bamboo: an alternative raw material for wood and wood-based composites. J Mater Sci Res, Volume
2, pp. 90-102, 2013.
Chew, J. J. & Doshi, V., Recent advances in biomass pretreatment – Torrefaction fundamentals and technology.
Renewable and Sustainable Energy Reviews, 8(15), pp. 4212-4222, 2011.
Emamverdian, A., Ding, Y., Ranaei, F. & Ahmad, Z., Application of Bamboo Plants in Nine Aspects. The Scientific
World Journal, 2020.
Energy Commission, Report on Peninsular Malaysia Generation Development Plan 2019 (2020-2030), Malaysia:
Energy Commission, 2020.
Food and Agriculture Organization of the United Nations, Global Forest Resource Assessment 2010, Rome, Italy:
Food and Agriculture Organization of the United Nations, 2010.
García, C. A., Pena, A., Betancourt, R. & Cardona, C. A., Energetic and environmental assessment of thermochemical
and biochemical ways for producing energy from agricultural solid residues: Coffee Cut-Stems case. Journal of
Environmental Management, 2017.
Geng, C., Li, S., Yue, C. & Ma, Y., Pyrolysis characteristics of bituminous coal. Journal of the Energy Institute, 89(4),
pp. 725-730. 2016.
Lahijani, P. & Zainal, Z. A., Fluidized Bed Gasification of Palm Empty Fruit Bunch Using Various Bed Materials.
Energy Sources Part A Recovery Utilization and Environmental Effects, 36(22). 2014.
Lobovikov, M. et al., World bamboo resources - A thematic study prepared in the framework of the Global Forest
Resources Assessment 2005, Rome, Italy: Food and Agriculture Organization of the United Nations, 2007.
Primary Industries Ministry, Bamboo industry must transform, modernise to grow: Kok, Kuala Lumpur: The Sun
Daily, 2018.
Purbasari, A., Samadhi, T. W. & Bindar, Y., Thermal and Ash Characterization of Indonesian Bamboo and Its
Potential for Solid Fuel and Waste Valorization. Int. Journal of Renewable Energy Development (IJRED), 5(2),
pp. 95-100, 2016.
Rycroft, M., 2019. Biomass gasification for large-scale electricity generation. EE Publishers. Said, S. M., Profiting
from bamboo. Available: https://www.theborneopost.com/2019/03/03/profiting-from-bamboo/ July 2021, 2019.
Sandu, I. et al., Thermogravimetric study on the ageing of lime wood supports of old paintings. Polym Degrad Stab,
Volume 80, pp. 83-91. 2003.
Sucipta, M., Negara, D. N. K. P., Nindhia, T. G. T. & Surata, I. W., Characteristics of Ampel bamboo as a biomass
energy source potential in Bali. IOP Conference Series: Materials Science and Engineering. 2012.
Sulaiman, M. M. R. S. et al., Bambusa vulgaris: Chemical Composition and Cell Wall Structure. European
International Journal of Science and Technology, 5(9), pp. 27-39, 2016.

© IEOM Society International

2185

Proceedings of the Second Asia Pacific International Conference on Industrial Engineering and Operations Management
Surakarta, Indonesia, September 14-16, 2021

Sulaiman, M. S. et al., Analytical Chemistry of Bambusa vulgaris and Schizostachyum brachycladum on 2- and 4Years Old with Transmission Electron Microscopy.. Research Journal of Pharmaceutical, Biological and
Chemical Sciences, 10(5), p. 59, 2019.
Truong, H. & Le, T. M. A., Overview of bamboo biomass for energy production. halshs01100209, 2014.
U.S. Department of Energy, n.d. 5.1. Gasification Introduction, US: National Energy Technology Laboratory.
Varma, A. & Mondal, P., Physicochemical characterization and pyrolysis kinetic study of sugarcane bagasse using
thermogravimetric analysis. Journal of Energy Resources Technology, 138(5). 2016.
Wahab, R. et al., Changes in Strength Characteristics and Durability on 4-Year-Old Tropical Bamboo Gigantochloa
Scortechinii through Heat Treatment. Asian Journal of Science and Technology, 09(05), pp. 65439-65448, 2018.
Waluyo, J., Makertihartha, I. & Susanto, H., Pyrolysis with Intermediate Heating Rate of Palm Kernel Shells: Effect
Temperature and Catalyst on Product Distribution. AIP Conference Proceedings, 2018.
Wongsiriamnuay, T., Kannang, N. & Tippayawong, N., Effect of operating conditions on catalytic gasification of
bamboo in a fluidised bed. International Journal of Chemical Engineering, pp. 1-9, 2013.
Zulkifli, Z., Malaysia Country Report. in Han, P. and S. Kimura (eds.), Energy Outlook and Energy Saving Potential
in East Asia 2020, Jakarta: ERIA, pp. 170-190, 2021.

Acknowledgements

The work reported on this paper is part of the AUN/SEED-Net Collaborative Education Program Research Grant
(UTM CEP 2103). The authors wish to acknowledge the support given by Universiti Teknologi Malaysia, Malaysia
Japan International Institute of Technology, Gadjah Mada University, Hanoi University of Science and Technology,
Nagoya Institute of Technology and MyBamboo Sdn. Bhd. This grant registered in Universiti Teknologi Malaysia
under the project (R.J130000.7351.4B673).

Biographies
Ku Nur Afrina Ku Azman Shah is a Master of Science (Industrial Engineering) student at Universiti Teknologi
Malaysia, Johor, Malaysia. She earned Diploma in Manufacturing Engineering Technology from Kolej Kemahiran
Tinggi Mara Balik Pulau, Penang, Malaysia and B.Eng. in Mechanical Engineering from Universiti Tenaga Nasional,
Kajang, Malaysia.
Mohd Zamri Mohd Yusop received his PhD degree from Nagoya Institute of Technology (NITech), Nagoya, Japan
in 2013. Before return to Universiti Teknologi Malaysia (UTM) in 2015, he finished two years post-doctoral in “Basic
Research and Development of Graphene, R&D of Single Crystal Graphene by Camphor” under New Energy and
Industrial Technology Development Organization (NEDO) Japan Fellowship at NITech, Japan.
Jafri Mohd Rohani is a Senior Quality and Statistical Engineering Lecturer. He is also Head of the Industrial
Engineering Programme at the Department of Materials, Industrial and Manufacturing Engineering, Faculty of
Mechanical Engineering, Universiti Teknologi Malaysia, Skudai, Johor. Currently, he is the President of Johor Cost
and Quality Engineers Society. He is a member of the American Society for Quality (ASQ) and Human Factor Society
of Malaysia.
Nor Akmal Fadil is a Senior Lecturer at Department of Materials, Manufacturing and Industrial Engineering, Faculty
of Mechanical Engineering, Universiti Teknologi Malaysia. Received her Bchelor Degree in Mechanical
(Engineering-Material) from Universiti Teknologi Malaysia, Master Degree in Material Science & Engineering from
Shibaura Institute of Technology, Tokyo, Japan and PhD in Regional Environment Systems from Shibaura Institute
of Technology, Tokyo, Japan.
Mohd Faizal Hasan currently is working at Automotive Development Centre, School of Mechanical Engineering,
Faculty of Engineering, Universiti Teknologi Malaysia. Mohd Faizal is doing research in Mechanical Engineering
especially in renewable energy area. His most recent publication is “Microwave torrefaction for viable fuel production:
A review on theory, affecting factors, potential and challenges''.
Mohd Fairus Mohd Yasin is an expert in Computational Fluid Dynamics (CFD) and has involved in consultancy
projects for gas turbine combustion of natural gas for Tenaga Nasioanal Berhad (TNB) Research in 2018 and natural
ventilation study for Zeb Technology Pte. Ltd, Singapore in 2015. Dr. Fairus completed a Bachelor of Science in

© IEOM Society International

2186

Proceedings of the Second Asia Pacific International Conference on Industrial Engineering and Operations Management
Surakarta, Indonesia, September 14-16, 2021

Engineering (Mechanical) from University of Wisconsin, Madison, United States. Upon graduation with a PhD degree
from Department of Engineering, University of Cambridge in biodiesel combustion research (2014), Dr. Fairus has
been actively involved in combustion research that involves single-discipline and multi-discipline projects.
Natrah Kamaruzaman currently is working in the Department of Thermo-Fluids, School of Mechanical Engineering,
Faculty of Engineering, Universiti Teknologi Malaysia.
Engku Mohd Nazim Engku Abu Bakar is a Senior Lecturer, Faculty of Mechanical Engineering, Universiti
Teknologi Malaysia.
Syahrullail Samion is a Senior Lecturer in the Department of Thermo-fluids, School of Mechanical Engineering,
Faculty of Engineering, Universiti Teknologi Malaysia. He received his PhD from Kagoshima University, Japan in
2007.
Mohd Yazid Yahya is a Senior Lecturer in the Faculty of Mechanical Engineering. He earned his PhD of Composite
Structures from University of Liverpool, UK in 2009. His expertise is in composite structure and natural fibre
composites, impact and blast loading, pressure vessel.
Norhuda Abdul Manaf is a Senior Lecturer in the Department of Chemical and Environmental Engineering,
Malaysia-Japan International Institute of Technology, Universiti Teknologi Malaysia Kuala Lumpur.
Budi Hartono is an associate professor and the head of the Mechanical & Industrial Engineering Department, Faculty
of Engineering, Universitas Gadjah Mada (UGM). He received his Ph.D. from the Industrial & Systems Engineering
Department, National University of Singapore (NUS), with the NUS and AUN-SEED joint scholarship program. Dr.
Budi Hartono is the Chair of the Gadjah Mada Project Management Research Group (Gama-Pro) and a former director
of the Project Management Institute Indonesia, Yogyakarta Branch. Dr. Hartono's research interests include project
management, risk and complexity analysis, cognitive ergonomics, and systems approach.
Nguyen Duc Tuyen received the Undergraduate Degree at Hanoi University of Science and Technology in 2006, the
Master Degree in 2009 and Ph.D. in 2012 at Shibaura Institute of Technology, Tokyo, Japan. From 2012 to 2015, he
was also a researcher at Shibaura Institute of Technology, Tokyo, Japan and part-time lecturer at Chiba University
and Tokyo Wildlife College, Japan. From 2015 to 2017, he worked at Tokyo University of Science, Japan. From 2017
to 2018, he conducted the research at the National Institute of Advanced Industrial Science and Technology, Japan.
Since 2018, Dr. Nguyen Duc Tuyen is a lecturer of the Department of Power System, Electrical Engineering School,
Hanoi University of Science and Technology. He is now also with the Shibaura Institute of Technology as the Adjunct
Associate Professor.
Abdul Samad Ahmad graduated with a Bachelor in Electrical and Electronics from Mara University of Technology.
He currently holds a position as Director tasked to look into Power and Energy in MyBamboo Sdn. Bhd. He is tasked
to look into renewable energy solutions to be used internally within MyBamboo to showcase bamboo as biofuel as
well as looking at sustainable energy solutions for remote and rural implementation. His prior work experience
includes working as an IT Project Manager for HP Technology Services (TS) Consulting Delivery division and IBM
Global Technical Services division, branch administration management, data center & computer center operations,
and management within IBM. He has also held various other management positions in training, manufacturing, and
network.
Ashaari Ramli graduated with a Bachelor of Computer Science from IOWA State University, United States of
America. Ashaari has over 30 years of experience holding various technical and management positions. He lectured
Mathematics and Computer Science in UiTM in 1984 and later joined IBM as a systems programmer and progressed
to become a systems engineer in IBM's marketing division, supporting large systems accounts under the Multiple
Virtual Systems (MVS) operating systems. He later joined Oracle Systems Malaysia as a Technical Specialist
responsible for Oracle Installation/Implementation for the IBM platform. He was later positioned as the Customer
Service Manager to set up the local support structure and provide primary support and training. Ashaari also worked
on IT project management for different organizations like Shell and University Technology Petronas, amongst others.
His main area of focus was on Corporate Information Planning and database implementation.

© IEOM Society International

2187

