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ABSTRAK

Pengegasan adalah teknologi perubahan termo-kimia dari bahan bakar organik kompleks
ke singas yang digunakan untuk penghasilan tenaga di bawah kehadiran oksigen yang
terhad dibekalkan oleh wap atau udara. Penurunan sumber arang batu dan kemerosotan
persekitaran beserta kos pemprosesan yang tinggi dan pembentukan tar biasanya
dikaitkan dengan pengegasan arang batu dan biojisim. Oleh itu, penggunaan pengegasan
bersama biojisim dan arang batu adalah pendekatan alternatif yang memudahkan
pertukaran antara sumber yang boleh diperbaharui dan yang tidak boleh diperbaharui.
Walau bagaimanapun, ketumpatan yang rendah, kandungan lembapan yang tinggi,
tingkah laku penguraian yang berbeza menjadi penghalang teknikal dalam pengegasan
bersama. Oleh itu, tujuan kajian ini adalah untuk membandingkan biojisim mentah dan
pra-rawatan biojisim bersama arang batu untuk menyiasat potensi pra-rawatan biojisim
dalam meningkatkan prestasi pengegesan. Habuk kayu (SD) dan pelet habuk kayu
(penguntilan habuk kayu, SDP) serta campuran kedua-dua bahan dengan arang batu (CL)
telah disiasat. Dalam kajian ini, sifat bahan seperti analisis struktur, analisis proximat,
analisis muktamad, nilai kalori, komposisi kimia dan lain-lain ditentukan bagi CL, SD,
dan SDP serta campuran bahan tersebut pada nisbah yang berbeza (25%, 50% dan 75%).
Sifat SD menunjukkan peningkatan ketika penguntilan SDP. Tambahan lagi, analisis
termo-gravimetrik (TGA) dilakukan di persekitaran udara untuk mengkaji tingkah laku
terma mengaplikasi kaedah Kissinger, Flynn-Wall-Ozawa dan Distribution Activation
Energy Model untuk mengukur analisis kinetik. Hasil kajian menunjukkan bahawa tenaga
pengaktifan, Ea yang lebih rendah (103.82 + 4.39 kJ / mol) untuk CL/SD dan CL/SDP
(88.79 £ 18.56 kJ / mol) didapati pada nisbah 75% arang batu. Terdapat juga sinergi
positif untuk CL/SD dan CL/SDP yang menggunakan ketiga-tiga model tersebut.
Penambahan CL meningkatkan degradasi SD dan SDP, meningkatkan AEa, menurunkan
Ea, menunjukkan reaksi reaktif. Didapati bahawa SD memiliki AEa lebih tinggi daripada
SDP dengan perbezaan purata 14%, 23% dan 38% masing-masing pada nisbah campuran
75%, 50% dan 25%. Selain itu, campuran CL dengan SD dan SDP di gasifikasi dalam
gasifier tempat tidur tetap-draf untuk mengukur pengaruh nisbah arang batu, suhu
pengegasan dan nishah kesetaraan udara (ER.ir) terhadap kepekatan gas (Hz2, CO, CO2
dan CH4 ), nilai pemanasan singas yang lebih tinggi (HHVsyngas), penghasilan syngas
(Ysyngas), kecekapan penukaran karbon (ncce), kecekapan pengegasan (ncce) dan
kecekapan penukaran pepejal-gas (nscc). Penyiasatan parametrik serta keadaan optimum
untuk memaksimumkan Hz dan CO dinilai menggunakan Response Surface Methodology
(RSM) dan analisis kepekaan dari model simulasi ASPEN Plus. Penemuan dari kedua
pendekatan parametrik ini bertepatan menunjukkan bahawa dengan peningkatan suhu
gasifikasi, pengeluaran komposisi gas terutama H> dan CO juga meningkat pada masa
yang sama meningkatkan HHVsyngas, Y 'syngas, Ncce dan ncee. Selain itu, kandungan Hz, CO
dan CHs tertinggi juga dikaitkan dengan ERair yang lebih rendah lalu meningkatkan
HHV syngas. Sementara itu, untuk maksimum pengeluaran CO3, Y syngas dan ncce, ERair yang
tinggi diperlukan. Parameter optimum yang diserlahkan oleh RSM-CCD didapati jauh
lebih spesifik berbanding model simulasi kerana andaian keadaan tetap dalam model
simulasi mengabaikan pemindahan haba dan jisim di dalam pengegasan. Sebaliknya,
kedua-dua parameter optimum berada dalam julat yang sama di mana bagi CL/SD
memihak kepada nisbah arang batu tinggi (75%) dan CL/SDP pada nisbah arang batu (50
-61%) pada suhu pengegasan yang tinggi dan ERair yang rendah untuk penghasilan H>
(12.30 -14.07%), CO (14.63 -16.47%) dan HHVsyngas (5.74 hingga 6.66 MJ/kg) yang
maksimum. Aplikasi teknik RSM-CCD mempunyai peratus ralat yang kecil (0.8-3.5%)
berbanding model simulasi (8.0-12.57%) di dalam perbandingan dengan hasil kajian pada
kondisi terpilih. Oleh itu, pengegasan bersama CL dan SDP berpotensi menjadi pengganti
SD dengan jumlah minimum CL untuk prestasi pengegasan yang serupa.



ABSTRACT

Gasification is a thermochemical conversion technology in which complex organic fuels
are converted into syngas that are used to generate energy in the presence of limited
oxygen supplied by steam or air. A decline in coal resources and environmental
deterioration coupled with a high pre-processing cost and tar formation are usually
associated with coal and biomass gasification. Thus, the co-gasification of biomass and
coal is an alternative approach that facilitates a trade-off between renewable and non-
renewable resources. However, low energy density, high moisture content and different
decomposition behaviours serve as technical barriers to co-gasification. This study aimed
to compare raw biomass and pre-treated biomass co-gasified with coal to investigate pre-
treated biomass’s reliability in enhancing gasification performance. Sawdust (SD) and
sawdust pellets (SDP) as well as the blends of these two feedstocks with sub-bituminous
coal (CL) were investigated. Feedstock properties, like structural analysis, proximate
analysis, ultimate analysis, higher heating value, chemical composition etc. were
determined for CL, SD, and SDP and coal-biomass mixtures at different ratios (20%, 50%
and 75%). Properties of the sawdust showed improvement as the feedstock was pelletized.
Moreover, the thermogravimetric analysis (TGA) was performed in an air environment
to study thermal behaviour and this study adopted the Kissinger, Flynn-Wall-Ozawa and
Distribution Activation Energy Model methods to measure the kinetic analysis. Results
show that lower activation energy (Ea) for CL/SD (103.82 % 4.39 kJ/mol) and CL/SDP
(88.79 + 18.56 kJ/mol) was found at 75% coal ratio. There is also positive synergy for
both CL/SD and CL/SDP employed by the three models. The addition of CL enhances
the degradation of SD and SDP, increase the AEa, lower the Ea and indicates a reactive
reaction. It was found that SD possessed a higher AEa than SDP, with an average
difference of 14%, 23% and 38% at blending ratios of 75%, 50% and 25%, respectively.
Furthermore, mixtures of CL with SD and SDP were gasified in a down-draft fixed bed
gasifier to quantify the effect of coal ratio, gasification temperature and equivalence ratio
of the air (ERair) on the gaseous concentration (H2, CO, CO2 and CHsa), syngas higher
heating value (HHVsyngas), syngas yield (Ysyngas), carbon conversion efficiency (ncce),
cold gas efficiency (ncce) and solid-gas conversion efficiency (nsec). The parametric
investigation as well as the optimum condition for maximizing Hz and CO were evaluated
by adopting the Response Surface Methodology (RSM) method and sensitivity analysis
using the ASPEN Plus model. Findings from both parametric approaches are similar,
indicating that with an increase in gasification temperature, the production of gaseous
composition, mainly the Hz and CO, also increases while enhancing the HHV syngas, Y syngas,
ncce and ncee. Moreover, the highest content of Hz, CO and CHg is also associated with
a lower ERair, thus, improving the HHVyngas. Meanwhile, for the maximum production of
CO2, Ysyngas and mcce, a higher ERair is favourable. It was found that the best conditions
determined by RSM-CCD are much more specific than that indicated by the simulation
model due to steady-state assumption in the simulation model and neglecting the heat and
mass transfer inside the gasifiers. Instead, both the optimum parameters are within the
range in which CL/SD favours a high coal ratio (75 %) and CL/SDP favours a lesser coal
ratio (50-61 %) at a high gasification temperature and low ERar for the maximum
production of Hz (12.30 -14.07 %), CO (14.63 -16.47 %) and HHVsyngas (5.74 to 6.66
MJ/kg). The RSM-CCD method resulted lesser percentage error (0.8-3.5%) than the
simulation model (8.0-12.57%) when compared with the experimental study under the
most conducive conditions. Therefore, co-gasified CL with SDP can potentially be a
substitute for SD with the minimum amount of CL for similar gasification performances.



TABLE OF CONTENT

DECLARATION

TITLE PAGE
ACKNOWLEDGEMENTS i
ABSTRAK i
ABSTRACT v
TABLE OF CONTENT v
LIST OF TABLES X
LIST OF FIGURES Xii
LIST OF SYMBOLS XVii
LIST OF ABBREVIATIONS Xix
CHAPTER 1 INTRODUCTION 1
1.1 Research Background 1
1.2 Problem Statement 4
1.3 Research Objectives 7
1.4  Research Scope 7
1.5  Justification of the Study 8
1.6 Thesis Outline 9
CHAPTER 2 LITERATURE REVIEW 10
2.1  Gasification 10
2.1.1 Chemistry of Gasification 14

2.2  Co-gasification 15



2.3

2.4

2.5

2.6

2.7

2.2.1 Technical constraint of co-gasification

2.2.2 Operating condition in downdraft co-gasification
Biomass as Fuel

2.3.1 Raw Biomass

2.3.2 Pelletized biomass

Thermogravimeteric analysis

2.4.1 Derivative of Kinetic Analysis from Thermal Decomposition
2.4.2 The use of TGA for investigation of thermal behaviour
Co-gasification Performance Parameter Investigation

2.5.1 Response Surface Methodology (RSM)

2.5.2 Sensitivity analysis from simulation

Research Gap

Summary of the Chapter

CHAPTER 3 MATERIALS AND METHODOLOGY

3.1

3.2

3.3

Overview

Materials Preparation

Raw Material Characterization

3.3.1 Structural Analysis

3.3.2 Proximate Analysis

3.3.3 Ultimate Analysis

3.3.4 Higher Heating Value and Lower Heating Value
3.3.5 Functional Group Analysis

3.3.6 Crystallinity Analysis

3.3.7 Chemical Composition Analysis

3.3.8 Combustion Stoichiometry of gasification feedstock

Vi

17

21

26

26

29

32

33

37

43

44

49

54

56

58

58

60

61

61

62

62

62

63

64

64

64



3.4

3.5

3.6

3.7

3.8

Thermokinetic Analysis of the Materials

3.4.1 Thermal Analysis

3.4.2 Kinetics Analysis

Experimental Setup

3.5.1 Fixed Bed Downdraft Gasification System
3.5.2 Experimental Procedure

3.5.3 Gasification Performance Parameters
Response Surface Methodology

3.6.1 Identify the experimental range using OFAT for gaseous

concentration
3.6.2 Design of the Experiment
3.6.3 Optimization of RSM-CCD Model
The ASPEN Plus Modelling Simulation Approach
3.7.1 Model development
3.7.2  Sensitivity Analysis to determine the Optimization
3.7.3 Validation of the ASPEN Plus Model

Chapter Summary

CHAPTER 4 RESULTS AND DISCUSSIONS

4.1

Characteristics of the coal (CL), sawdust (SD) and sawdust pellet (SDP)
4.1.1 Structural Analysis

4.1.2 Proximate Analysis

4.1.3 Ultimate Analysis

4.1.4 Heating Value

4.1.5 Functional group analysis

4.1.6 Crystallinity Analysis

vii

66

67

67

69

69

71

71

74

74

75

76

77

78

81

82

82

83

83

83

85

88

91

92

93



4.2

4.3

4.4

4.5

4.6

4.7

4.1.7 Chemical Composition Analysis 95

4.1.8 Combustion Stoichiometry of gasification feedstock 99
Thermogravimetric Characterization and Kinetic Analysis 103
4.2.1 Thermal Decomposition of Samples 103
4.2.2 Kinetic Analysis of the Sample 110
4.2.3 Synergistic Effect on CL/SD and CL/SDP 126
Experimental of Gasification Process for CL, SD and SDP 127

4.3.1 Gaseous composition (Hz, CO, CO2 and CHs) of the main sample 127
4.3.2 Characterisation of the solid by-product 129
Response Surface Methodology 139

4.4.1 Design Parameter by OFAT for gaseous concentration (H2, CO, CO>

& CHa) 139
4.4.2 Statistical analysis of the experimental design 146
4.4.3 Interaction of Variables on Gasification Performance 160

4.4.4 Optimization for the Best Condition from CCD Model for

Gasification Performance 180
The ASPEN Plus Modelling Simulation Approach 184
4.5.1 Sensitivity analyses 184

4.5.2 Effect of Gasification Temperature for CL/SD and CL/SDP on
Gasification Performance 184

45.3 Effect of ER for CL/SD and CL/SDP on Gasification

Performance 195
4.5.4 Validation of the ASPEN Plus Model 205
Summary outcome from RSM and the ASPEN Plus Model 210
Summary of the Chapter 219

viii



CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS 224

5.1 Conclusions 224

5.2 Recommendations 227

REFERENCES 229



REFERENCES

Acharya, B., & Dutta, A. (2016). Optimum Experimental Conditions of CO>
Cogasification of Coal-Torrefied-Miscanthus ina TGA-FTIR. International Journal
of Materials Chemistry and Physics, 2(2), 75-83.

Adeyemi, I., Arink, T., & Janajreh, 1. (2015). Numerical modeling of the entrained fow
gasification (EFG) of Kentucky coal and biomass. Energy Procedia, 75, 232—-239.

Adeyemi, 1., Janajreh, 1., Arink, T., & Ghenai, C. (2017). Gasification behavior of coal
and woody biomass: Validation and parametrical study. Applied Energy, 185, 1007—
1018.

Agarwal, A. K., Pradesh, U., Pandey, A., & Scientist, D. (2018). Coal and Biomass
Gasification: Recent Advances and Future Challenges. Springer Nature Singapore.

Ahmad, R., Ishak, M. A., Kasim, N. N., & Ismal, K. (2018). Optimization of Co-
gasification Process Parameters of Pretreated Palm Kernel Shell and Pretreated
Malaysian Low Rank Coal using Response Surface Methodology. AIP Conference
Proceedings, 1-9.

Alauddin, Z. A. B. Z., Lahijani, P., Mohammadi, M., Rahman, A., & Mohamed, A. R.
(2010). Gasification of Lignocellulosic Biomass in Fluidized Beds for Renewable
Energy Development: A Review. Renewable and Sustainable Energy Reviews,
14(9), 2852-2862.

Ali, D. A., Gadalla, M. A., Abdelaziz, O. Y., & Ashour, F. H. (2016). Modelling of coal-

biomass blends gasification and power plant revamp alternatives in Egypt’s natural
gas sector. Chemical Engineering Transactions, 52, 49-54.

AlNouss, A., Mckay, G., & Al-Ansari, T. (2018). Optimum Utilization of Biomass for
the Production of Power and Fuels using Gasification. In Computer Aided Chemical
Engineering (Vol. 43). Elsevier Masson SAS.

Alwani, M. S., Abdul Khalil, H. P. S., Sulaiman, O., Islam, M. N., & Dungani, R. (2014).
An approach to using agricultural waste fibres in biocomposites application:
Thermogravimetric analysis and activation energy study. BioResources, 9(1), 218—
230.

Ammar, M., Mutalib, M. I. A., Yusup, S., Inayat, A., Shahbaz, M., & Ali, B. (2016).
Influence of Effective Parameters on Product Gas Ratios in Sorption Enhanced
Gasification. Procedia Engineering, 148, 735-741.

Ammendola, P., Chirone, R., Ruoppolo, G., & Scala, F. (2013). The effect of pelletization
on the attrition of wood under fluidized bed combustion and gasification conditions.
Proceedings of the Combustion Institute, 34(2), 2735-2740.

André, R. N., Pinto, F., Franco, C., Dias, M., Gulyurtlu, I., Matos, M. A. A., & Cabrita,
I. (2005). Fluidised bed co-gasification of coal and olive oil industry wastes. Fuel,
84(12-13), 1635-1644.

229



Aniza, Hassan, & Nor. (2014). The Kinetic Study of Malaysian Poultry Processing
Dewatered Sludge ( PPDS ) Combustion Using Iso-Conversional Model Free
Method. Journal of Advanced Research in Fluid Mechanics and Thermal Sciences,
4(1), 1-12.

Anukam, A. I., Mamphweli, S. N., Mabizela, P. S., & Meyer, E. L. (2016). Blending
influence on the conversion efficiency of the cogasification process of corn stover
and coal. Journal of Chemistry, 2016.

Anukam, A., Mamphweli, S., Reddy, P., Meyer, E., & Okoh, O. (2016). Pre-processing
of Sugarcane Bagasse for Gasification in a Downdraft Biomass Gasifier System: A
Comprehensive Review. Renewable and Sustainable Energy Reviews, 66, 775-801.

Armynah, B., Atika, Djafar, Z., Piarah, W. H., & Tahir, D. (2018). Analysis of Chemical
and Physical Properties of Biochar from Rice Husk Biomass. Journal of Physics:
Conference Series, 979(1).

Arora, A. K., Balagurumurthy, B., Bertero, M., Bhaskar, T., Blin, J., Bordoloi, N., Bruno,
J. C., Chakma, S., Choudhury, H. A., Chutia, R. S., Drobek, M., & Funke, A. (2015).
Recent Advances in Thermochemical Conversion of Biomass. In A. Pandey, T.
Bhaskar, M. Stocker, & R. K. Sukumaran (Eds.), Recent Advances in Thermo-
Chemical Conversion of Biomass. Elsevier.

Ashraf, A., Sattar, H., & Munir, S. (2019). Thermal decomposition study and pyrolysis
kinetics of coal and agricultural residues under non-isothermal conditions. Fuel,
235(July 2018), 504-514.

ASTM-E2890. (2012). 2070 Standard Test Method for Kinetic Parameters for Thermally
Unstable Materials by Differential Scanning Calorimetry Using the Kissinger
Method. ASTM International, October, 1-11.

ASTM D3176-09. (2009). Standard Practice for Ultimate Analysis of Coal and Coke.
ASTM International. www.astm.org

ASTM E1131-98. (1998). Standard Test Method for Compositional Analysis by
Thermogravimetry. In ASTM International. www.astm.org

ASTM E698. (2016). ASTM E698 Standard Test Method for Kinetic Parameters for
Thermally Unstable Materials Using Differential Scanning Calorimetry and the
Flynn / Wall / Ozawa. ASTM International, i, 1-8.

Atikah, M. S. N., & Harun, R. (2019). Simulation and Optimization of Chlorella vulgaris
Gasification Using Aspen Plus. Process Integration and Optimization for
Sustainability.

Atnaw, S. M., Sulaiman, S. A, Singh, L., Wahid, Z. A., & Yahya, C. K. M. F. B. C. K.
(2017). Modeling and Parametric Study for Maximizing Heating Value of
Gasification Syngas. BioResources, 12(2), 2548-2564.

Atnaw, S. M., Sulaiman, S. A., & Yusup, S. (2011). Downdraft Gasification of Oil Palm
Fronds. Trends in Applied Science Research, 6(9), 1006-1018.

230



Aydin, E. S., Yucel, O., & Sadikoglu, H. (2019). Experimental study on hydrogen-rich
syngas production via gasification of pine cone particles and wood pellets in a fixed
bed downdraft gasifier. International Journal of Hydrogen Energy, Xxxx.

Ayol, A., Tezer Yurdakos, O., & Gurgen, A. (2019). Investigation of municipal sludge
gasification potential: Gasification characteristics of dried sludge in a pilot-scale
downdraft fixed bed gasifier. International Journal of Hydrogen Energy, xxxx, 1—
14,

Azargohar, R., Gerspacher, R., Dalai, A. K., & Peng, D. Y. (2015). Co-gasification of
petroleum coke with lignite coal using fluidized bed gasifier. Fuel Processing
Technology, 134, 310-316.

Bach, Q.-V., Tran, K. Q., & Skreiberg, @. (2017). Combustion kinetics of wet-torrefied
forest residues using the distributed activation energy model (DAEM). Applied
Energy, 185, 1059-1066.

Bai, B., Wang, W., & Jin, H. (2020). Experimental study on gasification performance of
polypropylene (PP) plastics in supercritical water. Energy, 191, 116527.

Barman, N. S., Ghosh, S., & De, S. (2012). Gasification of Biomass in a Fixed Bed
Downdraft Gasifier - A Realistic Model including Tar. Bioresource Technology,
107, 505-511.

Barrera, R., Salazar, C., & Pérez, J. F. (2014). Thermochemical Equilibrium Model of
Synthetic Natural Gas Production from Coal Gasification Using Aspen Plus.
International Journal of Chemical Engineering, 2014, 1-18.

Baskara Sethupathy, S., Chokkalingam, V., & Natarajan, E. (2012). An Experimental
Exploration of the Biomass Gasification in a Fluidized Bed. Journal of Renewable
and Sustainable Energy, 4(4).

Basu, P. (2006). Combustion and Gasification in Fluidized Beds. In Taylor & Francis
Group.

Basu, P. (2010a). Biomass Gasification and Pyrolysis: Practical Design and Theory.
Academic  Press.  https://doi.org/http://dx.doi.org/10.1016/B978-0-12-374988-
8.00001-5

Basu, P. (2010b). Biomass Gasification and Pyrolysis Handbook. Academic Press.

Beagle, E. A. (2018). Co-utilization of woody biomass for energy sector emission
reduction. University of Wyoming.

Begum, S., Rasul, M. G., & Akbar, D. (2014). A numerical investigation of municipal
solid waste gasification using aspen plus. Procedia Engineering, 90, 710-717.

Behera, S. K., Meena, H., Chakraborty, S., & Meikap, B. C. (2018). Application of
response surface methodology (RSM) for optimization of leaching parameters for
ash reduction from low-grade coal. International Journal of Mining Science and
Technology, 28(4), 621-629.

231



Bhagavatula, A., Shah, N., & Honaker, R. (2016). Estimating the Pyrolysis Kinetic
Parameters of Coal, Biomass, and Their Blends: A Comparative Study. Energy and
Fuels, 30(12), 10045-10054.

Bhoi, P. R., Huhnke, R. L., Kumar, A., Thapa, S., & Indrawan, N. (2018). Scale-up of a
downdraft gasifier system for commercial scale mobile power generation.
Renewable Energy, 118, 25-33.

Boharapi, A. B., Kale, G. R., & Mahadwad, O. K. (2015). Co-Gasification of coal and
biomass — Thermodynamic and experimental study. International Journal of
Research in Engineering and Technology, 346-352.

Boon, T. H., Raheem, A., Ghani, W. A. W. A. K., Hussain, S. A., & Sum, D. N. K.
(2017). Thermogravimetric study of napier grass in inert and oxidative atmospheres
conditions. Journal of Physical Science, 28, 155-169.

Brar, J. S., Singh, K., Zondlo, J., & Wang, J. (2013). Co-Gasification of Coal and
Hardwood Pellets: A Case Study. American Journal of Biomass and Bioenergy,
2(1), 25-40.

Budhathoki, R. (2013). Three Zone Modeling of Downdraft Biomass Gasification :
Equilibrium and Finite Kinetic Approach. University of Jyvéskyla.

Cabuk, B., Duman, G., Yanik, J., & Olgun, H. (2019). Effect of fuel blend composition
on hydrogen yield in co-gasification of coal and non-woody biomass. International
Journal of Hydrogen Energy, Xxxx.

Cai, J., Xu, D., Dong, Z., Yu, X,, Yang, Y., Banks, S. W., & Bridgwater, A. V. (2017).
Processing thermogravimetric analysis data for isoconversional kinetic analysis of
lignocellulosic biomass pyrolysis: Case study of corn stalk. 1-41.

Chandrasekaran, S. R., Hopke, P. K., Rector, L., Allen, G., & Lin, L. (2012). Chemical
composition of wood chips and wood pellets. Energy and Fuels, 26(8), 4932-4937.

Chaney, J., Liu, H., & Li, J. (2012). An overview of CFD modelling of small-scale fixed-
bed biomass pellet boilers with preliminary results from a simplified approach.
Energy Conversion and Management, 63, 149-156.

Chaurasia, A. (2016). Modeling, Simulation and Optimization of Downdraft Gasifier:
Studies on Chemical Kinetics and Operating Conditions on the Performance of the
Biomass Gasification Process. Energy, 116, 1065-1076. 7

Chen, C., Qin, S., Chen, F., Lu, Z., & Cheng, Z. (2019). Co-combustion characteristics
study of bagasse, coal and their blends by thermogravimetric analysis. Journal of
the Energy Institute, 92(2), 364—-369.

Chen, H. (2007). Integrated analyses of biomass gasification in fluidized beds. University
of Western Ontario.

Chen, P. (2009). Classification of Coal. In Coal, Oil shale, Natural Bitumen, Heavy Oil
and Peat (Vol. 1).

232



Chen, W. H., Chen, C. J., Hung, C. I, Shen, C. H., & Hsu, H. W. (2013). A Comparison
of Gasification Phenomena among Raw Biomass, Torrefied Biomass and Coal in
An Entrained-Flow Reactor. Applied Energy, 112, 421-430.

Chen, W. H., Peng, J.,, & Bi, X. T. (2015). A state-of-the-art review of biomass
torrefaction, densification and applications. Renewable and Sustainable Energy
Reviews, 44, 847-866. https://doi.org/10.1016/j.rser.2014.12.039

Chen, X., Liu, L., Zhang, L., Zhao, Y., & Qiu, P. (2019). Gasification reactivity of co-
pyrolysis char from coal blended with corn stalks. Bioresource Technology,
279(January), 243-251.

Chen, X., Liu, L., Zhang, L., Zhao, Y., Zhang, Z., Xie, X., Qiu, P., Chen, G., & Pel, J.
(2018). Thermogravimetric analysis and kinetics of the co-pyrolysis of coal blends
with corn stalks. Thermochimica Acta, 659(July 2017), 59-65.

Cheng, J., Carter, S. F., Hassan, J., Keshwani, D. R., Su, E., Treasure, T. H., Veal, M.
W., Wang, Z., Wei, D. Z., Yang, F., & Zhu, J. H. (2010). Biomass to Renewable
Energy Processes. In J. Cheng (Ed.), CRC Press. CRC Press Taylor & Francis
Group.

Chin, B. L. F., Yusup, S., Al Shoaibi, A., Kannan, P., Srinivasakannan, C., & Sulaiman,
S. A. (2015). Optimization Study of Catalytic Co-gasification of Rubber Seed Shell
and High Density Polyethylene Waste for Hydrogen Production Using Response
Surface Methodology. In Advances in Bioprocess Technology (pp. 209-223).
Springer International Publishing.

Ciferno, J. P., & Marano, J. J. (2002). Benchmarking Biomass Gasification Technologies
for Fuels, Chemicals and Hydrogen Production. In US Department of Energy.
National Energy (Issue June).

Dafnomilis, 1., Lodewijks, G., Junginger, M., & Schott, D. L. (2018). Evaluation of wood
pellet handling in import terminals. Biomass and Bioenergy, 117(March), 10-23.

Daouk, E., Van de Steene, L., Paviet, F., Martin, E., Valette, J., & Salvador, S. (2017).
Oxidative pyrolysis of wood chips and of wood pellets in a downdraft continuous
fixed bed reactor. Fuel, 196, 408-418.

Darmawan, S., Wistara, N. J., Pari, G., Maddu, A., & Syafii, W. (2016). Characterization
of lignocellulosic biomass as raw material for the production of porous carbon-based
materials. BioResources, 11(2), 3561-3574.

Das, S., Kumar Sarkar, P., & Mahapatra, S. (2018). Thermodynamic optimization of coal-
biomass co-gasification process by using non-stoichiometric equilibrium modeling.
Materials Today: Proceedings, 5(11), 23089-23098.

de Jong, W., Andries, J., & Hein, K. R. G. (1999). Coal/biomass co-gasification in a
pressurised fluidised bed reactor. Renewable Energy, 16(1-4), 1110-1113.

de Palma, K. R., Garcia-Hernando, N., Silva, M. A., Tomaz, E., & Soria-Verdugo, A.
(2019). Pyrolysis and Combustion Kinetic Study and Complementary Study of Ash
Fusibility Behavior of Sugarcane Bagasse, Sugarcane Straw, and Their Pellets—

233



Case Study of Agro-Industrial Residues. Energy & Fuels, acs.energyfuels.8b04288.

Dejtrakulwong, C., & Patumsawad, S. (2014). Four Zones Modeling of the Downdraft
Biomass Gasification Process: Effects of Moisture Content and Air to Fuel Ratio.
Energy Procedia, 52, 142-149.

Demirbas, A. (2008). Green Energy and Technology. Springer International Publishing.

Dhaundiyal, A., Singh, S. B., Hanon, M. M., & Rawat, R. (2018). Determination of
Kinetic Parameters for the Thermal Decomposition of Parthenium hysterophorus.
Environmental and Climate Technologies, 22(1), 5-21.

Diez, N.,liwak, A., Gryglewicz, S., Grzyb, B., & Gryglewicz, G. (2015). Enhanced
reduction of graphene oxide by high-pressure hydrothermal treatment. RSC
Advances, 5(100), 81831-81837.

Djatkov, D., Martinov, M., & Kaltschmitt, M. (2018). Influencing parameters on
mechanical-physical properties of pellet fuel made from corn harvest residues.
Biomass and Bioenergy, 119(January), 418-428.

Dooher, J., Castaldi, M. J., & Zhang, Z. (2015). Simulation Analysis of Co-gasification
of Low Rank Coal ( LRC ) and Biomass. 40th International Technical Conference
on Clean Coal & Fuel Systems.

Ellis, N., Masnadi, M. S., Roberts, D. G., Kochanek, M. A., & llyushechkin, A. Y. (2015).
Mineral matter interactions during co-pyrolysis of coal and biomass and their impact
on intrinsic char co-gasification reactivity. Chemical Engineering Journal, 279,
402-408.

Emami-Taba, L., Irfan, M. F., Wan Daud, W. M. A., & Chakrabarti, M. H. (2013). Fuel
blending effects on the co-gasification of coal and biomass - A review. Biomass and
Bioenergy, 57, 249-263.

Emami Taba, L., Irfan, M. F., Wan Daud, W. A. M., & Chakrabarti, M. H. (2012). The
effect of temperature on various parameters in coal, biomass and CO-gasification:
A review. Renewable and Sustainable Energy Reviews, 16(8), 5584-5596.

Erlich, C., & Fransson, T. H. (2011). Downdraft Gasification of Pellets Made of Wood,
Palm-Oil Residues Respective Bagasse: Experimental Study. Applied Energy,
88(3), 899-908.

Fan, F., Li, H., Xu, Y., Liu, Y., Zheng, Z., & Kan, H. (2018). Thermal behaviour of
walnut shells by thermogravimetry with gas chromatography-mass spectrometry
analysis. Royal Society Open Science, 5(9).

Farzad, S., Mandegari, M. A., & Gorgens, J. F. (2016). A critical review on biomass
gasification, co-gasification, and their environmental assessments. Biofuel Research
Journal, 3(4), 483-495.

Fatoni, R., Gajjar, S., Gupta, S., Handa, S., & Elkamel, A. (2014). Modeling Biomass
Gasification in a Fluidized Bed Reactor. International Conference on Industrial
Engineering and Operations Management, 1047—-1056.

234



Fermoso, J., Arias, B., Gil, M. V., Plaza, M. G., Pevida, C., Pis, J. J., & Rubiera, F.
(2010a). Co-gasification of different rank coals with biomass and petroleum coke in
a high-pressure reactor for Ho-rich gas production. Bioresource Technology, 101(9),
3230-3235.

Fermoso, J., Gil, M. V., Arias, B., Plaza, M. G., Pevida, C., Pis, J. J., & Rubiera, F.
(2010Db). Application of response surface methodology to assess the combined effect
of operating variables on high-pressure coal gasification for H2-rich gas production.
International Journal of Hydrogen Energy, 35(3), 1191-1204.

Fernandez-Lopez, M., Pedroche, J., Valverde, J. L., & Sanchez-Silva, L. (2017).
Simulation of the Gasification of Animal Wastes in a Dual Gasifier using Aspen
Plus. Energy Conversion and Management, 140, 211-217.

Fernandez, A., Mazza, G., & Rodriguez, R. (2018a). Thermal decomposition under
oxidative atmosphere of lignocellulosic wastes: Different Kkinetic methods
application. Journal of Environmental Chemical Engineering, 6(1), 404-415.

Fernandez, A., Palacios, C., Echegaray, M., Mazza, G., & Rodriguez, R. (2018b).
Pyrolysis and Combustion of Regional Agro-Industrial Wastes: Thermal Behavior
and Kinetic Parameters Comparison. Combustion Science and Technology, 190(1),
114-135.

Forest Bussiness Network. (2013). Malaysia aims to become the major wood pellet
producer in Asia. http://www.forestbusinessnetwork.com/31707

Fortunato, B., Brunetti, G., Camporeale, S. M., Torresi, M., & Fornarelli, F. (2017).
Thermodynamic model of a downdraft gasifier. Energy Conversion and
Management, 140, 281-294.

Frau, C., Ferrara, F., Orsini, A., & Pettinau, A. (2015). Characterization of several kinds
of coal and biomass for pyrolysis and gasification. Fuel, 152, 138-145.

Gaitan-Alvarez, J., Moya, R., Puente-Urbina, A., & Rodriguez-Zufiga, A. (2018).
Thermogravimetric, devolatilization rate, and differential scanning calorimetry
analyses of biomass of tropical plantation species of Costa Rica torrefied at different
temperatures and times. Energies, 11(4).

Galina, N. R., Romero Luna, C. M., Arce, G. L. A. F., & Avila, I. (2019). Comparative
study on combustion and oxy-fuel combustion environments using mixtures of coal
with sugarcane bagasse and biomass sorghum bagasse by the thermogravimetric
analysis. Journal of the Energy Institute, 92(3), 741-754.

Gao, W., Yan, L., Tahmoures, M., & Asgari Safdar, A. H. (2017). Hydrogen production
from co-gasification of coal and biomass in the presence of CaO as a sorbent.
Chemical Engineering and Technology, 1-13.

Gaqga, S, Mamphweli, S., Katwire, D., & Meyer, E. (2014a). Synergistic evaluation of
the biomass/coal blends for co- gasification purposes. International Energy and
Environment (Www.IJEE.IEEFoundation.Org), 5(2), 251-256.

235



Gaga, Sibongiseni, Mamphweli, S., Katwire, D., Meyer, E., & Gaqga, S. (2014b). The
Properties and Suitability of Various Biomass/Coal Blends for Co-Gasification
Purposes. Journal of Sustainable Bioenergy Systems, 4(4), 175-182.

Garcia-Ibafiez, P., Cabanillas, A., & Sanchez, J. M. (2004). Gasification of Leached
Orujillo (Olive Oil Waste) in a Pilot Plant Circulating Fluidised Bed Reactor.
Preliminary Results. Biomass and Bioenergy, 27(2), 183-194.

Garcia, G., Arauzo, J., Gonzalo, A., Sanchez, J. L., & Abrego, J. (2013). Influence of
feedstock composition in fluidised bed co-gasification of mixtures of lignite,
bituminous coal and sewage sludge. Chemical Engineering Journal, 222, 345-352.

Garcia, R., Pizarro, C., Lavin, A. G., & Bueno, J. L. (2017). Biomass sources for thermal
conversion. Techno-economical overview. Fuel, 195(x), 182-189.

George, J., Arun, P., & Muraleedharan, C. (2016). Stoichiometric Equilibrium Model
Based Assessment of Hydrogen Generation through Biomass Gasification. Procedia
Technology, 25, 982—-989.

George, J., Arun, P., & Muraleedharan, C. (2019). Experimental investigation on co-
gasification of coffee husk and sawdust in a bubbling fluidised bed gasifier. Journal
of the Energy Institute, 2-11.

Ghani, W. A. W. A. K., Moghadam, R. A,, Salleh, M. A. M., & Alias, A. B. (2009). Air
Gasification of Agricultural Waste in a Fluidized Bed Gasifier: Hydrogen
Production Performance. Energies, 2(2), 258-268.

Gil, M. V., Casal, D., Pevida, C., Pis, J. J., & Rubiera, F. (2010). Thermal behaviour and
kinetics of coal/biomass blends during co-combustion. Bioresource Technology,
101(14), 5601-5608.

Gil, M. V., Garcia, R., Pevida, C., & Rubiera, F. (2015). Grindability and combustion
behavior of coal and torrefied biomass blends. Bioresource Technology, 191, 205—
212,

Goldfarb, J. L., & Ceylan, S. (2015). Second-generation sustainability: Application of the
distributed activation energy model to the pyrolysis of locally sourced biomass-coal
blends for use in co-firing scenarios. Fuel, 160, 297-308.

Gomez-barea, A., Leckner, B., & Ollero, P. (2011). Methods to Improve the Performance
of Fluidized Bed Biomass Gasifiers. 2nd European Conference on Polygeneration,
1-12.

Griffin, W. M., Michalek, J., Matthews, S. H., & Hassan, M. N. A. (2014). Availability
of Biomass Residues for Co-Firing in Peninsular Malaysia: Implications for Cost
and GHG Emissions in the Electricity Sector. Energies, 7(2), 804—823.

Gu, H., Tang, Y., Yao, J., & Chen, F. (2018). Study on biomass gasification under various
operating conditions. Journal of the Energy Institute, October, 1-8. 2

236



Guo, G., Zhang, K., Liu, C., Xie, S., Li, X,, Li, B., Niu, Y., Zhu, H., Ding, M., & Zhu,
W. (2020). Comparative investigation on thermal decomposition of powdered and
pelletized biomasses: Thermal conversion characteristics and apparent Kinetics.
Bioresource Technology.

Habibi, R., Kopyscinski, J., Masnadi, M. S., Lam, J., Grace, J. R., Mims, C. A., & Hill,
J. M. (2013a). Co-gasification of biomass and non-biomass feedstocks: Synergistic
and inhibition effects of switchgrass mixed with sub-bituminous coal and fluid coke
during CO2 gasification. In Energy and Fuels (Vol. 27, Issue 1, pp. 494-500).

Habibi, R., Kopyscinski, J., Masnadi, M. S., Lam, J., Grace, J. R., Mims, C. A., & Hill,
J. M. (2013b). Co-gasification of biomass and non-biomass feedstocks: Synergistic
and inhibition effects of switchgrass mixed with sub-bituminous coal and fluid coke
during CO2 gasification. Energy and Fuels, 27(1), 494-500.

Han, J., Liang, Y., Hu, J., Qin, L., Street, J., Lu, Y., & Yu, F. (2017). Modeling downdraft
biomass gasification process by restricting chemical reaction equilibrium with
Aspen Plus. In Energy Conversion and Management (Vol. 153, pp. 641-648).

Haobin, P., Li, Y., Li, Y., Yuan, F., & Chen, G. (2018). Experimental Investigation of
Combustion Kinetics of Wood Powder and Pellet. Journal of Combustion, 2018.

Haykiri-Acma, H., & Yaman, S. (2018). Synergistic Investigation for Co-Combustion of
Biochars and Lignite—Thermogravimetric Analysis Approach. Journal of Thermal
Science and Engineering Applications, 11(1).

Henriksen, U. B., Holm, J. K., Simonsen, P., Berg, M., Posselt, D., Nikolaisen, L.,
Plackett, D., & Mgller, J. D. (2008). Fundamental Understanding of Pelletization
(Issue June).

Hernandez, J. J., Aranda-Almansa, G., & Serrano, C. (2010). Co-gasification of biomass
wastes and coal-coke blends in an entrained flow gasifier: An experimental study.
Energy and Fuels, 24(4), 2479-2488.

Heydari, M., Rahman, M., & Gupta, R. (2015). Kinetic study and thermal decomposition
behavior of lignite coal. International Journal of Chemical Engineering, 2015.

Howaniec, N., & Smolinski, A. (2014). Effect of fuel blend composition on the efficiency
of hydrogen-rich gas production in co-gasification of coal and biomass. Fuel, 128,
442-450.

Howaniec, N., Smolinski, A., Stanczyk, K., & Pichlak, M. (2011). Steam co-gasification
of coal and biomass derived chars with synergy effect as an innovative way of
hydrogen-rich gas production. International Journal of Hydrogen Energy, 36(22),
14455-14463.

Hu, J., Shao, J., Yang, H., Lin, G., Chen, Y., Wang, X., Zhang, W., & Chen, H. (2017a).

Co-gasification of coal and biomass: Synergy, characterization and reactivity of the
residual char. Bioresource Technology, 244(July), 1-7.

237



Hu, J., Shao, J., Yang, H., Lin, G., Chen, Y., Wang, X., Zhang, W., & Chen, H. (2017b).
Co-gasification of coal and biomass: Synergy, characterization and reactivity of the
residual char. Bioresources Technology, 5(1), 1-7.

Huang, F., & Jin, S. (2019). Investigation of biomass (pine wood) gasification:
Experiments and Aspen Plus simulation. Energy Science & Engineering, October
2018, ese3.338.

Hussain, M., Tufa, L. D., Nur, R., Bt, A., Azlan, R., & Yusup, S. (2016). Steady State
Simulation Studies of Gasification System using Palm Kernel Shell. Procedia
Engineering, 148, 1015-1021.

Inayat, A., Inayat, M., Shahbaz, M., Sulaiman, S. A., Raza, M., & Yusup, S. (2020).
Parametric analysis and optimization for the catalytic air gasification of palm kernel
shell using coal bottom ash as catalyst. Renewable Energy, 145, 671-681.

Inayat, M., Sulaiman, S. A., Kumar, A., & Guangul, F. M. (2016). Effect of Fuel Particle
Size and Blending Ratio on Syngas Production and Performance of Co-gasification.
Journal of Mechanical Engineering and Sciences (JMES), 10(2), 2188-2200.

Inayat, M., Sulaiman, S. A., & Kurnia, J. C. (2018). Catalytic co-gasification of coconut
shells and oil palm fronds blends in the presence of cement, dolomite, and limestone:
Parametric optimization via Box Behnken Design. Journal of the Energy Institute.

Jain, A. A, Mehra, A., & Ranade, V. V. (2016). Processing of TGA data: Analysis of
isoconversional and model fitting methods. Fuel, 165, 490-498.

Jangsawang, W., Laohalidanond, K., & Kerdsuwan, S. (2015). Optimum Equivalence
Ratio of Biomass Gasification Process Based on Thermodynamic Equilibrium
Model. In Energy Procedia (Vol. 79). Elsevier B.V.

Jayathilake, R., & Rudra, S. (2017). Numerical and Experimental Investigation of
Equivalence Ratio (ER) and Feedstock Particle Size on Birchwood Gasification.
Energies, 10(8), 1-19.

Jeong, H. J.,, Hwang, I. S., Park, S. S., & Hwang, J. (2017). Investigation on co-
gasification of coal and biomass in Shell gasifier by using a validated gasification
model. Fuel, 196, 371-377.

Jeong, H. J., Park, S. S., & Hwang, J. (2014). Co-gasification of coal-biomass blended
char with CO2 at temperatures of 900-1100 °C. Fuel, 116, 465-470.

Johari, A., Nyakuma, B. B., Ahmad, A., Abdullah, T. A. T., Kamaruddin, M. J., Mat, R.,
& Ali, A. (2014). Design of a Bubbling Fluidized Bed Gasifier for the
Thermochemical Conversion of Oil Palm Empty Fruit Bunch Briquette. Advances
in Applied Mechanics and Materials, 493, 3-8.

Kaminska-Pietrzak, N., & Smolinski, A. (2013). Selected environmental aspects of

gasification and co-gasification of various types of waste. Journal of Sustainable
Mining, 12(4), 6-13.

238



Kannan, P., Shoaibi, A. Al, & Srinivasakannan, C. (2018). Optimization of Waste Plastics
Gasification Process Using Aspen-Plus. Intech Open, 2, 64.

Karimipour, S., Gerspacher, R., Gupta, R., & Spiteri, R. J. (2013). Study of factors
affecting syngas quality and their interactions in fluidized bed gasification of lignite
coal. Fuel, 103, 308-320.

Kaur, A., Roy, M., & Kundu, K. (2017). Densification of Biomass by Briquetting: A
Review. International Journal of Recent Scientific Research, 8(10), 20561-20568.

Kaur, R., Gera, P.,, Jha, M. K., & Bhaskar, T. (2018). Pyrolysis kinetics and
thermodynamic parameters of castor (Ricinus communis) residue using
thermogravimetric analysis. Bioresource Technology, 250(September 2017), 422—
428.

Kirsanovs, V., Blumberga, D., Dzikevics, M., & Kovals, A. (2016). Design of
Experimental Investigations on the Effect of Equivalence Ratio, Fuel Moisture
Content and Fuel Consumption on Gasification Process. Energy Procedia, 95, 189—
194.

Kirsanovs, V., Blumberga, D., Veidenbergs, I., Rochas, C., Vigants, E., & Vigants, G.
(2017). Experimental investigation of downdraft gasifier at various conditions.
Energy Procedia, 128, 332—-338.

Kirubakaran, V., Sivaramakrishnan, V., Nalini, R., Sekar, T., Premalatha, M., &
Subramanian, P. (2009). A Review on Gasification of Biomass. Renewable and
Sustainable Energy Reviews, 13(1), 179-186. 1

Kobayashi, N., Suami, A., & Itaya, Y. (2017). Co-gasification Behavior of Woody
Biomass and Coal in an Entrained Down-Flow Gasifier. Journal of Chemical
Engineering of Japan, 50(11), 862—-870.

Kopczynski, M., Plis, A., & Zuwala, J. (2015). Thermogravimetric and kinetic analysis
of raw and torrefied biomass combustion. Chemical and Process Engineering -
Inzynieria Chemiczna i Procesowa, 36(2), 209-223.

Kulkarni, A., Baker, R., Abdoulmomine, N., Adhikari, S., & Bhavnani, S. (2016).
Experimental study of torrefied pine as a gasification fuel using a bubbling fluidized
bed gasifier. Renewable Energy, 93, 460-468.

Kumabe, K., Hanaoka, T., Fujimoto, S., Minowa, T., & Sakanishi, K. (2007). Co-
gasification of woody biomass and coal with air and steam. Fuel, 86(5-6), 684—689.

Kumar, A. (2009). Biomass thermochemical gasification: Experimental studies and
modeling. University of Nebraska.

Kumar, A., Sharma, A., & Bhandari, P. (2014). Biomass Gasification and Syngas
Utilization. In W. Lijun (Ed.), Sustainable Bioenergy Production. CRC Press.

Kumar, G. S., Gupta, S., & Viswanadham, M. (2017). Sensitivity analysis and
optimization of parameters for the gasification of high ash Indian coal. International
Journal of Applied Engineering Research, 12(18), 7184-7193.

239



Kumar, M. S., Nagar, A., Nadu, T., Vivekanandan, S., Nagar, A., & Nadu, T. (2016).
Mathematical Modelling To Predict the Cold Gas Efficiency of Rice Husk in
Biomass. International Journal of Mechanical Engineering and Technology, 7(6),
565-576.

Kumar, S. M., & Vivekanandan, S. (2016). EFFECT OF DESIGN AND OPERATING
PARAMETERS ON THE GASIFICATION PROCESS OF BIOMASS IN AN
UPDRAFT FIXED BED: A STATISTICAL STUDY. International Journal of
Chemical Science, 14(4), 2397-2419.

Kuo, P.-C., & Wu, W. (2015). Design of co-gasification from coal and biomass combined
heat and power generation system. Energy Procedia, 75, 1120-1125.

La Villetta, M., Costa, M., & Massarotti, N. (2017). Modelling Approaches to Biomass
Gasification: A Review with Emphasis on the Stoichiometric Method. Renewable
and Sustainable Energy Reviews, 74(February), 71-88.

Lahijani, P., & Zainal, Z. A. (2011). Gasification of Palm Empty Fruit Bunch in a
Bubbling Fluidized Bed: A Performance and Agglomeration Study. Bioresource
Technology, 102(2), 2068-2076.

Lahijani, P., Zainal, Z. A., & Mohammadi, M. (2013). Air Gasification of Oil Palm Waste
over Dolomite in a Fluidized Bed. Turkish Journal of Engineering and
Environmental Sciences, 37(2), 123-136.

Lapuerta, M., Hernandez, J. J., Pazo, A., & Lopez, J. (2008). Gasification and co-
gasification of biomass wastes: Effect of the biomass origin and the gasifier
operating conditions. Fuel Processing Technology, 89(9), 828-837.

Li, K., Zhang, R., & Bi, J. (2010). Experimental study on syngas production by co-
gasification of coal and biomass in a fluidized bed. International Journal of
Hydrogen Energy, 35(7), 2722-2726.

Li, S., Chen, X., Liu, A., Wang, L., & Yu, G. (2015). Co-pyrolysis characteristic of
biomass and bituminous coal. Bioresource Technology, 179, 414-420. 5

Li, X., Grace, J. R., Watkinson, A. P., Lim, C. J., & Ergudenler, A. (2001). Equilibrium
Modeling of Gasification: A Free Energy Minimization Approach and its
Application to A Circulating Fluidized Bed Coal Gasifier. Fuel, 80(2), 195-207.

Liu, G. Q,, Liu, K., Gao, Y. K., & Chen, G. (2018). Co-Pyrolysis Kinetics Analysis of
Stone Coal and Biomass for Vanadium Extraction. Metalurgija, 57(4), 239-241.

Liu, L., Huang, Y., Cao, J., Liu, C., Dong, L., Xu, L., & Zha, J. (2018). Experimental
study of biomass gasification with oxygen-enriched air in fluidized bed gasifier.
Science of the Total Environment, 626, 423-433.

Liu, Z. (2018). Economic analysis of energy production from coal/biomass upgrading;

Part 1: Hydrogen production. Energy Sources, Part B: Economics, Planning, and
Policy, 13(2), 132-136.

240



Lu, K. M., Lee, W. J., Chen, W. H., & Lin, T. C. (2013). Thermogravimetric analysis and
kinetics of co-pyrolysis of raw/torrefied wood and coal blends. Applied Energy, 105,
57-65.

Lu, X., Cao, L., Wang, H., Peng, W., Xing, J., Wang, S., Cai, S., Shen, B., Yang, Q.,
Nielsen, C. P., & McElroy, M. B. (2019). Gasification of coal and biomass as a net
carbon-negative power source for environment-friendly electricity generation in
China. Proceedings of the National Academy of Sciences, 116(17), 201812239.

Lun, L. W., Gunny, A. A. N., Kasim, F. H., & Arbain, D. (2017). Fourier transform
infrared spectroscopy (FTIR) analysis of paddy straw pulp treated using deep
eutectic solvent. AIP Conference Proceedings, 1835(April).

Ma, Z. Q., Ye, J. W., Zhao, C., & Zhang, Q. S. (2015). Gasification of Rice Husk in a
Downdraft Gasifier: The Effect of Equivalence Ratio on the Gasification
Performance, Properties, and Utilization Analysis of Byproducts of Char and Tar.
BioResouces, 10(2), 2888-2902.

Madadian, E., Amiri, L., & Lefsrud, M. (2019). Thermodynamic Analysis of Wood Pellet
Gasification in a Downdraft Reactor for Advanced Biofuel Production. Waste and
Biomass Valorization, 0123456789.

Madadian, Edris, Orsat, V., & Lefsrud, M. (2017). Comparative Study of Temperature
Impact on Air Gasification of VVarious Types of Biomass in a Research-Scale Down-
draft Reactor. Energy & Fuels, 31(4), 4045-4053.

Mafu, L. D., Neomagus, H. W. J. P., Everson, R. C., Okolo, G. N., Strydom, C. A., &
Bunt, J. R. (2017). The carbon dioxide gasification characteristics of biomass char
samples and their effect on coal gasification reactivity during co-gasification.
Bioresource Technology.

Mahanta, P. (2016). Co-gasification of biomass and coal in fluidized bed gasifier. World
Bioenergy Congress and Expo, 06(03), 4541.

Mahinpey, N., & Gomez, A. (2016). Review of Gasification Fundamentals and New
Findings: Reactors, Feedstock, and Kinetic Studies. Chemical Engineering Science,
148, 14-31.

Malaysia Energy Information Hub. (2016). MEIH Statistics. Energy Commision.
http://meih.st.gov.my/

Malaysia  Industries  Confederation  (MBIC). (2012). About Biomass.
http://www.biomass.org.my/page/162/About-Biomass/

Malaysia Timber Industry Board. (2017). MTIB Statictics. Lembaga Perindustrian Kayu
Malaysia. http://www.mtib.gov.my/index.php?option=com_exile_stats

Mallick, D., Buragohain, B., Mahanta, P., & Moholkar, V. S. (2017). Gasification of
Mixed Biomass: Analysis Using Equilibrium, Semi-equilibrium, and Kinetic Models
(S. De, A. K. Agarwal, V. S. Moholkar, & T. Bhaskar (eds.); Energy, En).

241



Mallick, D., Buragohain, B., Mahanta, P., & Moholkar, V. S. (2018). Gasification of
Mixed Biomass: Analysis Using Equilibrium, Semi-equilibrium, and Kinetic
Models. In Coal and Biomass Gasification: Recent Advances and Future Challenge
(pp. 223-241).

Mallick, D., Mahanta, P., & Moholkar, V. S. (2017). Co-gasification of coal and biomass
blends: Chemistry and engineering. Fuel, 204, 106-128.

Mallick, D., Mahanta, P., & Moholkar, V. S. (2018a). Synergistic Effects in Gasification
of Coal/Biomass Blends: Analysis and Review. In Coal and Biomass Gasification:
Recent Advances and Future Challenge (pp. 473-497).

Mallick, D., Poddar, M. K., Mahanta, P., & Moholkar, V. S. (2018b). Discernment of
synergism in pyrolysis of biomass blends using thermogravimetric analysis.
Bioresource Technology, 261(April), 294-305.

Mallick, D., Mahanta, P., & Moholkar, V. S. (2019). Co—gasification of Coal/Biomass
Blends in 50 kWe Circulating Fluidized Bed Gasifier. Journal of the Energy
Institute, Xxxx.

Manoj, B., & Kunjomana, A. G. (2012). Study of stacking structure of amorphous carbon
by X-ray diffraction technique. International Journal of Electrochemical Science,
7(4), 3127-3134.

Masnadi, M. S., Grace, J. R., Bi, X. T., Ellis, N., Lim, C. J., & Butler, J. W. (2015a).
Biomass/coal steam co-gasification integrated with in-situ CO2 capture. Energy, 83,
326-336.

Masnadi, M. S., Grace, J. R., Bi, X. T., Lim, C. J., & Ellis, N. (2015b). From fossil fuels
towards renewables: Inhibitory and catalytic effects on carbon thermochemical
conversion during co-gasification of biomass with fossil fuels. Applied Energy, 140,
196-209.

Masnadi, M. S., Grace, J. R., Bi, X. T., Lim, C. J., Ellis, N., Li, Y. H., & Watkinson, A.
P. (2015c). Single-fuel steam gasification of switchgrass and coal in a bubbling
fluidized bed: A comprehensive parametric reference for co-gasification study.
Energy, 80, 133-147.

Massoudi Farid, M., Jeong, H. J., & Hwang, J. (2016). Kinetic study on coal-biomass
mixed char co-gasification with H20 in the presence of H2. Fuel, 181, 1066-1073.

Mastellone, M. L., Zaccariello, L., & Arena, U. (2010). Co-gasification of coal, plastic
waste and wood in a bubbling fluidized bed reactor. Fuel, 89(10), 2991-3000.

Mazaheri, N., Akbarzadeh, A. H., Madadian, E., & Lefsrud, M. (2019). Systematic
review of research guidelines for numerical simulation of biomass gasification for
bioenergy production. Energy Conversion and Management, 183(December 2018),
671-688.

Menon, V., & Rao, M. (2012). Trends in Bioconversion of Lignocellulose: Biofuels,
Platform Chemicals & Biorefinery Concept. Progress in Energy and Combustion
Science, 38(4), 522-550.

242



Mian, 1., Li, X., Jian, Y., Dacres, O. D., Zhong, M., Liu, J., Ma, F., & Rahman, N. (2019).
Kinetic study of biomass pellet pyrolysis by using distributed activation energy
model and Coats Redfern methods and their comparison. Bioresource Technology,
294(September), 122099.

Miller, B. G., & Tillman, D. A. (2008). Coal Characteristics (Issue October).

Mishra, A., Gautam, S., & Sharma, T. (2018). Gasification of Jhama Coal using
Statistical Design of Experiment. Transactions of the Indian Institute of Metals.

Mishra, R. K., & Mohanty, K. (2018). Pyrolysis kinetics and thermal behavior of waste
sawdust biomass using thermogravimetric analysis. Bioresource Technology,
251(December 2017), 63-74.

Mitchell, R. E., & Campbell, P. A. (2004). Characterization of Coal and Biomass
Conversion Behaviors in Advanced Energy Systems. 202—2009.

Miura, K., & Maki, T. (1998). A simple method for estimating f(E) and kO (E) in the
distributed activation energy model. Energy & Fuels, 12(5), 864-869.

Mohammed, M. A. A., Salmiaton, A., Wan Azlina, W. A. K. G., Mohammad Amran, M.
S., Fakhru’L-Razi, A., & Taufig-Yap, Y. H. (2011). Hydrogen Rich Gas from Oil
Palm Biomass as a Potential Source of Renewable Energy in Malaysia. Renewable
and Sustainable Energy Reviews, 15(2), 1258-1270.

Molino, A., Larocca, V., Chianese, S., & Musmarra, D. (2018). Biofuels production by
biomass gasification: A review. Energies, 11(4).

Monir, M. U., Abd Aziz, A., Kristanti, R. A., & Yousuf, A. (2018a). Co-gasification of
empty fruit bunch in a downdraft reactor: A pilot scale approach. Bioresource
Technology Reports, 1, 39-49.

Monir, M. U., Abd Aziz, A., Kristanti, R. A., & Yousuf, A. (2018b). Gasification of
lignocellulosic biomass to produce syngas in a 50 kW downdraft reactor. Biomass
and Bioenergy, 119(March), 335-345.

Monir, M. U., Abd Aziz, A., Kristanti, R. A., & Yousuf, A. (2018c). Syngas Production
from Co-gasification of Forest Residue and Charcoal in a Pilot Scale Downdraft
Reactor. Waste and Biomass Valorization, 0(0), 0.

Monir, M. U., Yousuf, A., Aziz, A. A, & Atnaw, S. M. (2017). Enhancing Co-
Gasification of Coconut Shell by reusing Char. Indian Journal of Science and
Technology, 10(6), 1-5.

Mureddu, M., Dessi, F., Orsini, A., Ferrara, F., & Pettinau, A. (2017). Air- and oxygen-
blown characterization of coal and biomass by thermogravimetric analysis. Fuel,
212(October 2017), 626-637.

Mureddu, M., Dessi, F., Orsini, A., Ferrara, F., & Pettinau, A. (2018). Air- and oxygen-
blown characterization of coal and biomass by thermogravimetric analysis. Fuel,
212(April 2017), 626-637.

243



Muslim, M. B., Saleh, S., & Abdul Samad, N. A. F. (2017). Torrefied Biomass
Gasification: A Simulation Study by Using Empty Fruit Bunch. MATEC Web of
Conferences, 131, 03008.

Nam, H., Maglinao, A. L., Capareda, S. C., & Rodriguez-Alejandro, D. A. (2016).
Enriched-Air Fluidized Bed Gasification Using Bench and Pilot Scale Reactors of
Dairy Manure with Sand Bedding Based on Response Surface Methods. Energy, 95,
187-199.

Narvaez, 1., Orio, A., Aznar, M. P., & Corella, J. (1996). Biomass Gasification with Air
in an Atmospheric Bubbling Fluidized Bed . Effect of Six Operational Variables on
the Quality of. Industrial & Engineering Chemistry Research, 35(95), 2110-2120.

Njikam, F., Shahbazi, A., Shirley, V., Lee, C., Serre, S., & Lemieux, P. (2004).
Optimizing Synthesis Gas Yield from the Cross Draft Gasification of Woody
Biomass. 1-12.

Nosran, S., Soleimani, M., Dalai, A. K., Karunakaran, C., Tabil, L. G., Azargohar, R., &
Bond, T. (2018). Thermo-physical characterization of torrefied fuel pellet from co-
pelletization of canola hulls and meal. Industrial Crops and Products, 128(July
2018), 424-435.

Nyendu, G. C. (2015). Non-catalytic co-gasification of sub-bituminous coal and biomass.
Utah State University.

Okumura, Y., Hanaoka, T., & Sakanishi, K. (2009). Effect of pyrolysis conditions on
gasification reactivity of woody biomass-derived char. Proceedings of the
Combustion Institute, 32 11(2), 2013-2020.

Ondro, T., Vitazek, |., Halan, T., Lawson, M. K., & Cséki, S. (2018). Non-isothermal
kinetic analysis of the thermal decomposition of spruce wood in air atmosphere.
Research in Agricultural Engineering, 64(1), 41-46.

Park, H. Y., Park, Y. H., Kim, Y. J., Kim, H. H., & Park, S. Bin. (2017). The interaction
of woody biomass with bituminous coal in their blends. Environmental Engineering
Research, 22(3), 320-328.

Patel, B., & Narnaware, S. (2018). Co-gasification of coal / biomass blends and effects
of parameter variation on the performance of gasifier: A Review. International
Journal of Advance Research and Innovative Ideas in Education, 1, 94-100.

Patel, M., Zhang, X., & Kumar, A. (2016). Techno-economic and life cycle assessment
on lignocellulosic biomass thermochemical conversion technologies: A review.
Renewable and Sustainable Energy Reviews, 53, 1486-1499.

Patel, V. R., Patel, D., Varia, N. S., & Patel, R. N. (2017). Co-gasification of lignite and
waste wood in a pilot-scale (10 kWe) downdraft gasifier. Energy, 119, 834-844. 7

Patra, T. K., & Sheth, P. N. (2015). Biomass Gasification Models for Downdraft Gasifier:
A State of the Art Review. Renewable and Sustainable Energy Reviews, 50, 583—
593.

244



Pauls, J. H., Mahinpey, N., & Mostafavi, E. (2016). Simulation of Air-Steam Gasification
of Woody Biomass in a Bubbling Fluidized Bed using Aspen Plus: A
Comprehensive Model including Pyrolysis, Hydrodynamics and Tar Production.
Biomass and Bioenergy, 95, 157-166.

Perera, K. U. C., & Narayana, M. (2018). Kissinger method: the sequential approach and
DAEM for kinetic study of rubber and gliricidia wood. Journal of the National
Science Foundation of Sri Lanka, 46(2), 187.

Pickard, C. (2016). Biomass outlook for Asia. International Biomass Conference
Malaysia, October.

Pierucci, S., Ranzi, E., & Manenti, F. (2015). Generalized simulation tools for coal,
biomass and organic waste gasification processes. Chemical Engineering
Transactions, 45, 1771-1776.

Pinto, F., André, R., Lopes, H., Neves, D., Varela, F., Santos, J., & Miranda, M. (2015).
Comparison of Co-gasification of Wastes Mixtures Obtained from Rice Production
Wastes Using Air or Oxygen. Chemical Engineering Transactions, 43, 2227-2232.

Pinto, F., André, R. N., Franco, C., Lopes, H., Carolino, C., Costa, R., & Gulyurtlu, I.
(2010). Co-gasification of coal and wastes in a pilot-scale installation. 2: Effect of
catalysts in syngas treatment to achieve sulphur and nitrogen compounds abatement.
Fuel, 89(11), 3340-3351.

Plis, P., & Wilk, R. K. (2011). Theoretical and Experimental Investigation of Biomass
Gasification Process in a Fixed Bed Gasifier. Energy, 36, 3838-3845.

Porcu, A., Sollai, S., Marotto, D., Mureddu, M., Ferrara, F., & Pettinau, A. (2019).
Techno-Economic Analysis of a Small-Scale Biomass-to-Energy BFB Gasification-
Based System. Energies, 12(3), 494.

Pradhan, P., Mahajani, S. M., & Arora, A. (2018). Production and utilization of fuel
pellets from biomass: A review. Fuel Processing Technology, 181(September),
215-232.

Puig-Arnavat, M., Shang, L., Sarossy, Z., Ahrenfeldt, J., & Henriksen, U. B. (2016).
From a single pellet press to a bench scale pellet mill - Pelletizing six different
biomass feedstocks. Fuel Processing Technology, 142, 27-33.

Qian, K., Kumar, A., Patil, K., Bellmer, D., Wang, D., Yuan, W., & Huhnke, R. L. (2013).
Effects of biomass feedstocks and gasification conditions on the physiochemical
properties of char. Energies, 6(8), 3972-3986.

Radwan, A. M. (2012). An overview on gasification of biomass for production of
hydrogen rich gas. Pelagia Research Library, 4(4), 68-72.

Raheem, A., Dupont, V., Channa, A. Q., Zhao, X., Vuppaladadiyam, A. K., Taufig-Yap,
Y. H., Zhao, M., & Harun, R. (2017). Parametric Characterization of Air
Gasification of Chlorella vulgaris Biomass. Energy and Fuels, 31(3), 2959-2969.

245



Ramanan, M. V., Lakshmanan, Sethumadhavan, & Renganarayanan. (2008). Modeling
and Experimental Validation of Cashew Nut Shell Char Gasification Adopting
Chemical Equilibrium Approach. Energy and Fuels, 22(3), 2070-2078.

Ramarao, M., & Vivekanandan, S. (2016). Optimization of fuel blending ratio to enhance
the co-gasification performance. International Journal of Engineering Trends and
Technology (IJETT), 7.

Ramos, A., Monteiro, E., & Rouboa, A. (2019). Numerical approaches and
comprehensive models for gasification process: A review. Renewable and
Sustainable Energy Reviews, 110(May), 188—206.

Ramos, A., Monteiro, E., Silva, V., & Rouboa, A. (2018). Co-gasification and recent
developments on waste-to-energy conversion: A review. Renewable and
Sustainable Energy Reviews, 81(August 2017), 380—398.

Ramzan, N., Ashraf, A., Naveed, S., & Malik, A. (2011). Simulation of hybrid biomass
gasification using Aspen plus: A comparative performance analysis for food,
municipal solid and poultry waste. Biomass and Bioenergy, 35(9), 3962-3969.

Rao, S. (2009). Engineering Optimization - Theory and Practice (Fourth). John Wiley &
Sons.

Ren, H., Zhang, Y., Fang, Y., & Wang, Y. (2011). Co-gasification behavior of meat and
bone meal char and coal char. Fuel Processing Technology, 92(3), 298-307.

Rodilla, 1., Contreras, M. L., & Bahillo, A. (2018). Thermogravimetric and mass
spectrometric (TG-MS) analysis of sub-bituminous coal-energy crops blends in N2,
air and CO2/O> atmospheres. Fuel, 215(May 2017), 506-514.

Rodrigues, R., Muniz, A. R., & Marcilio, N. R. (2016). Evaluation of biomass and coal
co-gasification of brazilian feedstock using a chemical equilibrium model. Brazilian
Journal of Chemical Engineering, 33(2), 401-414.

Rollinson, A. N., & Williams, O. (2016). Experiments on torrefied wood pellet: Study by
gasification and characterization for waste biomass to energy applications. Royal
Society Open Science, 3(5).

Rueda-Ordofiez, Y. J., & Tannous, K. (2015). Isoconversional Kinetic study of the
thermal decomposition of sugarcane straw for thermal conversion processes.
Bioresource Technology, 196(11241), 1-9.

Ruoppolo, G., Ammendola, P., Chirone, R., & Miccio, F. (2012). H-rich syngas
production by fluidized bed gasification of biomass and plastic fuel. Waste
Management, 32(4), 724-732.

Ruoppolo, Giovanna, Miccio, F., Brachi, P., Picarelli, A., & Chirone, R. (2013).

Fluidized bed gasification of biomass and biomass/coal pellets in oxygen and steam
atmosphere. Chemical Engineering Transactions, 32, 595-600.

246



Rupesh, S., Muraleedharan, C., & Arun, P. (2016). ASPEN PLUS Modelling of Air—
Steam Gasification of Biomass with Sorbent Enabled CO2 Capture. Resource-
Efficient Technologies, 2(2), 94-103.

Sadhwani, N. Su. (2017). Conversion of Carbon Dioxide and Biomass for Fuels and
Chemicals Precursor through Gasification: Experimental and Modeling Approach
(Vol. 91). Auburn University.

Sahraei-Nezhad, F., & Akhlaghi-Boozani, S. (2010). Production and Gasification of
Waste Pellets. University of Boras.

Saikia, B. K., Boruah, R. K., & Gogoi, P. K. (2007). FT-IR and XRD analysis of coal
from Makum coalfield of Assam. Journal of Earth System Science, 116(6), 575—
579.

Sansaniwal, S. K., Pal, K., Rosen, M. A., & Tyagi, S. K. (2017). Recent Advances in the
Development of Biomass Gasification Technology: A Comprehensive Review.
Renewable and Sustainable Energy Reviews, 72, 363-384.

Sarkar, M, Kumar, A., Tumuluru, J. S., Patil, K. N., & Bellmer, D. (2014). Thermal
Devolatilization Kinetics of Switchgrass Pretreated with Torrefaction and
Densification. Transactions of the ASABE, 57(4), 1199-1210.

Sarkar, Madhura, Kumar, A., Tumuluru, J. S., Patil, K. N., & Bellmer, D. D. (2014).
Gasification performance of switchgrass pretreated with torrefaction and
densification. Applied Energy, 127, 194-201.

Sarrai, A. E., Hanini, S., Merzouk, N. K., Tassalit, D., Szab0, T., Hernadi, K., & Nagy,
L. (2016). Using central composite experimental design to optimize the degradation
of Tylosin from aqueous solution by Photo-Fenton reaction. Materials, 9(6).

Saw, W. L., & Pang, S. (2013). Co-gasification of blended lignite and wood pellets in a
100 kW dual fluidised bed steam gasifier: The influence of lignite ratio on producer
gas composition and tar content. Fuel, 112, 117-124.

Saw, W., McKinnon, H., Gilmour, I., & Pang, S. (2012). Production of Hydrogen-Rich
Syngas from Steam Gasification of Blend of Biosolids and Wood using a Dual
Fluidised Bed Gasifier. Fuel, 93, 473-478.

Sbusiso, M. P. (2014). Characterization and computer simulation of corn stover/coal
blends for co-gasification in a downdraft gasifier. University of Fort Hare.

Schuster, G., Loffler, G., Weigl, K., & Hofbauer, H. (2001). Biomass Steam Gasification
- An Extensive Parametric Modeling Study. Bioresource Technology, 77(1), 71-79.

Seger, A., Kiicet, N., Faki, E., & Hasanoglu, A. (2018). Comparison of co—gasification
efficiencies of coal, lignocellulosic biomass and biomass hydrolysate for high yield
hydrogen production. International Journal of Hydrogen Energy, 3, 21269-21278.

Seo, M. W.,, Goo, J. H., Kim, S. D., Lee, S. H., & Choi, Y. C. (2010). Gasification
characteristics of coal/biomass blend in a dual circulating fluidized bed reactor.
Energy and Fuels, 24(5), 3108-3118.

247



Shafie, S. M., Mahlia, T. M. 1., Masjuki, H. H., & Yazid, A. A. (2012). A Review on
Electricity Generation Based on Biomass Residue in Malaysia. Renewable and
Sustainable Energy Reviews, 16(8), 5879-5889.

Shahbaz, M., Yusup, S., Inayat, A., Patrick, D. O., & Pratama, A. (2016). Application of
response surface methodology to investigate the effect of different variables on
conversion of palm kernel shell in steam gasification using coal bottom ash. Applied
Energy, 184, 1306-1315.

Shahbaz, M., Yusup, S., Inayat, A., Patrick, D. O., Pratama, A., & Ammar, M. (2017).
Optimization of Hydrogen and Syngas Production from PKS Gasification by using
Coal Bottom Ash. Bioresource Technology, 241, 284—295.

Shakorfow, A. M. (2016). Operating and Performance Gasification Process Parameters.
International Journal of Science and Research (1JSR), 5(6), 1768-1775.

Sharma, M., Attanoor, S., & Dasappa, S. (2015). Investigation into co-gasifying Indian
coal and biomass in a down draft gasifier - Experiments and analysis. Fuel
Processing Technology, 138, 435-444.

Sharma, R. K., Wooten, J. B, Baliga, V. L., Lin, X., Chan, W. G., & Hajaligol, M. R.
(2004). Characterization of chars from pyrolysis of lignin. Fuel, 83(11-12), 1469-
1482.

Shen, D. K., Gu, S., Jin, B., & Fang, M. X. (2011). Thermal degradation mechanisms of
wood under inert and oxidative environments using DAEM methods. Bioresource
Technology, 102(2), 2047-2052.

Sheth, P. N. (2009). Modeling , Simulation and Experimental Studies on Downdraft
Biomass Gasifier. Birla Institute of Technology and Science.

Shojaeiarani, J., Bajwa, D. S., & Bajwa, S. G. (2019). Properties of densified solid
biofuels in relation to chemical composition, moisture content, and bulk density of
the biomass. BioResources, 14(2), 4996-5015.

Shotara, A., Kinya, S., Hiroshi, S., Tomoaki, M., Hiromi, Y., & Takayuki, Y. (2008). The
Asian Biomass Handbook- A Guide of Biomass Production and Utilization (S.
Yokoyama (ed.)). The Japan Institute of Energy.

Sikarwar, V. S., Zhao, M., Clough, P., Yao, J., Zhong, X., Memon, M. Z., Shah, N.,
Anthony, E., & Fennell, P. (2016). An Overview of Advances in Biomass
Gasification. Energy & Environmental Science, 9(10), 2939-2977.

Singh, J., Singh, K., & Zondlo, J. (2013). Technical Challenges and Opportunities in
Cogasification of Coal and Biomass. Proceedings of the 18th Central Hardwoods
Forest Conference, 5-13.

Singh, L., & Kalia, V. C. (2017). Waste biomass management - A holistic approach.
Waste Biomass Management - A Holistic Approach, 1-392.

248



Singh, S., Cheng, G., Sathitsuksanoh, N., Wu, D., Varanasi, P., George, A., Balan, V.,
Gao, X., Kumar, R., Dale, B. E., Wyman, C. E., & Simmons, B. A. (2015).
Comparison of Different Biomass Pretreatment Techniques and Their Impact on
Chemistry and Structure. Frontiers in Energy Research, 2(February), 1-12.

Slopiecka, K., Bartocci, P., & Fantozzi, F. (2011). Thermogravimetric analysis and
Kinetic study of poplar wood pyrolysis. Third International Conference on Applied
Energy, 2015(4), 1687-1698.

Sofia, D., Coca Llano, P., Giuliano, A., Iborra Herndndez, M., Garcia Pefia, F., &
Barletta, D. (2014). Co-gasification of coal-petcoke and biomass in the Puertollano
IGCC power plant. Chemical Engineering Research and Design, 92(8), 1428-1440.
9

Song, T., Wu, J., Shen, L., & Xiao, J. (2012). Experimental Investigation on Hydrogen
Production from Biomass Gasification in Interconnected Fluidized Beds. Biomass
and Bioenergy, 36, 258-267.

Song, Y., Feng, J., Ji, M., Ding, T., Qin, Y., & Li, W. (2013). Impact of biomass on
energy and element utilization efficiency during co-gasification with coal. Fuel
Processing Technology, 115, 42-49. 5

Stapf, D., Ceceri, G., Johansson, 1., & Whitty, K. (2019). Biomass pre-treatment for
bioenergy.

Straka, P., Kriz, V., & Bucko, Z. (2008). Co-gasification of rubber with brown coal. Acta
Geodyn.Geomater, 5(151), 329-334.

Subramanian, P., Sampathrajan, A., & Venkatachalam, P. (2011). Fluidized Bed
Gasification of Select Granular Biomaterials. Bioresource Technology, 102(2),
1914-1920.

Sukarni, Sudjito, Hamidi, N., Yanuhar, U., & Wardana, I. N. G. (2015).
Thermogravimetric kinetic analysis of Nannochloropsis oculata combustion in air
atmosphere. Frontiers in Energy, 9(2), 125-133.

Sukiran, M. A., Bakar, N. A., Loh, S. K., & May, C. Y. (2011). Production and
Characterization of Bio-Char from the Pyrolysis of Empty Fruit Bunches Mohamad
Azri Sukiran , Loh Soh Kheang , Nasrin Abu Bakar and Choo Yuen May
Engineering and Processing Division , Malaysian Palm Oil Board , No . 6 ,.
American Journal of Applied Sciences, 8(10), 984-988.

Sulaiman, Shaharin Anwar, Roslan, R., Inayat, M., & Yasin Naz, M. (2018). Effect of
blending ratio and catalyst loading on co-gasification of wood chips and coconut
waste. Journal of the Energy Institute, 91(5), 779-785.

Sulaiman, Sharin A, Mat Razali, N. H., Konda, R. E., Atnaw, S. M., & Moni, M. N. Z.
(2014). On the Diversification of Feedstock in Gasification of Oil Palm Fronds.
Journal of Mechanical Engineering and Sciences (JMES), 6(June), 907-915.

249



Sun, K. (2014). Optimization of Biomass Gasification Reactor using Aspen Plus.
Telemark University College.

Susastriawan, A. A. ., Saptoadi, H., & Purnomo. (2019). Comparison of the gasification
performance in the downdraft fixed-bed gasifier fed by different feedstocks: Rice
husk, sawdust, and their mixture. Sustainable Energy Technologies Assessments,
34(April), 27-34.

Susastriawan, A. A. P., Saptoadi, H., & Purnomo. (2017). Small-Scale Downdraft
Gasifiers for Biomass Gasification: A Review. Renewable and Sustainable Energy
Reviews, 76(March), 989-1003.

Suzdalenko, V., Barmina, I., Lickrastina, A., & Zake, M. (2011). The effect of co-
gasification of the biomass pellets with gas on the thermal degradation of biomass.
Chemical Engineering Transactions, 24, 7-12.

Sziics, T., Szentannai, P., Sziladgyi, I. M., & Bakos, L. P. (2019). Comparing different
reaction models for combustion kinetics of solid recovered fuel. Journal of Thermal
Analysis and Calorimetry, 8, 555-565.

Tanger, P., Field, J. L., Jahn, C. E., DeFoort, M. W., & Leach, J. E. (2013). Biomass for
thermochemical conversion: targets and challenges. Frontiers in Plant Science,
4(July), 218.

Tapasvi, D., Kempegowda, R. S., Tran, K. Q., Skreiberg, @., & Grgnli, M. (2015). A
simulation study on the torrefied biomass gasification. Energy Conversion and
Management, 90, 446-457.

Taqvi, S. A., & Uddin, F. (2016). Aspen PlusA,A® Simulation of a Coal Gasification
Process (Geometric Analysis). Journal of Chemical Engineering & Process
Technology, 06(06).

Tchapda, A. H., & Pisupati, S. V. (2014). A review of thermal co-conversion of coal and
biomass/waste. Energies, 7(3), 1098-1148. 8

Thengane, S. K., Gupta, A., & Mahajani, S. M. (2019). Co-gasification of high ash
biomass and high ash coal in downdraft gasifier. Bioresource Technology, 273(273),
159-168.

Thiagarajan, J., Srividhya, P. K., & Balasubramanian, P. (2019). Thermochemical
behaviors and co-gasification kinetics of palm kernel shells with bituminous coal.
Biomass Conversion and Biorefinery.

Tong, W., Liu, Q., Ran, G., Liu, L., Ren, S., Chen, L., & Jiang, L. (2019). Experiment
and expectation: Co-combustion behavior of anthracite and biomass char.
Bioresource Technology, 280(January), 412-420.

Trop, P., Agrez, M., Urbancl, D., & Goricanec, D. (2016). Co-gasification of torrefied
wood biomass and sewage sludge. In 26th European Symposium on Computer Aided
Process Engineering (pp. 2229-2234).

250



Tumuluru, J. S., Hess, J. R., Boardman, R. D., Wright, C. T., & Westover, T. L. (2012).
Formulation, Pretreatment, and Densification Options to Improve Biomass
Specifications for Co-Firing High Percentages with Coal. Industrial Biotechnology,
8(3), 113-132.

Upadhyay, D. S., Sakhiya, A. K., Panchal, K., Patel, A. H., & Patel, R. N. (2019). Effect
of equivalence ratio on the performance of the downdraft gasifier-An experimental
and modelling approach. Energy, 168, 833-846.

Uson, S., Valero, A., Correas, L., & Martinez, A. (2004). Co-gasification of coal and
biomass in an IGCC power plant: Gasifier modeling. International Journal of
Thermodynamics, 7(4), 165-172.

Valdés, C. F., Chejne, F., Marrugo, G., Macias, R. J., Gomez, C. A., Montoya, J. 1.,
Londofio, C. A., De La Cruz, J., & Arenas, E. (2016). Co-gasification of sub-
bituminous coal with palm kernel shell in fluidized bed coupled to a ceramic
industry process. Applied Thermal Engineering, 107, 1201-1209.

Valdés, C. F., Marrugo, G., Chejne, F., Montoya, J. I., & Gomez, C. A. (2015). Pilot-
Scale Fluidized-Bed Co-gasification of Palm Kernel Shell with Sub-bituminous
Coal. Energy and Fuels, 29(9), 5894-5901.

Varol, M., Atimtay, A. T., Bay, B., & Olgun, H. (2010). Investigation of co-combustion
characteristics of low quality lignite coals and biomass with thermogravimetric
analysis. Thermochimica Acta, 510(1-2), 195-201.

Vhathvarothai, N. (2013). Thermochemical Behaviour and Syngas Production from Co-
gasification of Biomass and Coal Blends (Issue May). Griffith University.

Vyazovkin, S., Burnham, A. K., Criado, J. M., Pérez-Maqueda, L. A., Popescu, C., &
Sbirrazzuoli, N. (2011). ICTAC Kinetics Committee recommendations for
performing kinetic computations on thermal analysis data. Thermochimica Acta,
520(1-2), 1-19.

Wang, A., Zhang, X., Zhang, H., Arellano-Garcia, H., & Wozny, G. (2011). Performance
evaluation of biomass co-gasification with coal in entrained-flow gasifirer.
ICMREE2011 - Proceedings 2011 International Conference on Materials for
Renewable Energy and Environment, 1, 529-532. 7

Wang, G., Zhang, J., Shao, J., Liu, Z., Zhang, G., Xu, T., Guo, J., Wang, H., Xu, R., &
Lin, H. (2016). Thermal behavior and kinetic analysis of co-combustion of waste
biomass/low rank coal blends. Energy Conversion and Management, 124, 414-426.

Wang, G., Zhang, J., Zhang, G., Ning, X., Li, X., Liu, Z., & Guo, J. (2017). Experimental
and kinetic studies on co-gasification of petroleum coke and biomass char blends.
Energy, 131, 27-40.

Wang, L. Q., & Chen, Z. S. (2013). Hydrogen-rich gas production by cogasification of

coal and biomass in an intermittent fluidized bed. The Scientific World Journal,
2013, 1127-1131.

251



Wang, Q., Xuan, Y., Liu, H., Li, X., & Chi, M. (2015). Gaseous emission and thermal
analysis during co-combustion of oil shale semicoke and sawdust using TG-FTIR.
Qil Shale, 32(4), 356-372.

Wang, Shaoqging, Lin, X., Li, Z,, Yi, W., & Bai, X. (2018). Thermal and Kinetic
Behaviors of Corn Stover and Polyethylene in Catalytic Co-pyrolysis.
BioResouces.Com, 13(2), 4102-4117.

Wang, Shurong, Lin, H., Ru, B., Dai, G., Wang, X., Xiao, G., & Luo, Z. (2016). Kinetic
modeling of biomass components pyrolysis using a sequential and coupling method.
Fuel, 185, 763-771.

Weli, J., Guo, Q., Ding, L., Yoshikawa, K., & Yu, G. (2017). Synergy mechanism analysis
of petroleum coke and municipal solid waste (MSW)-derived hydrochar co-
gasification. In Applied Energy (Vol. 206, pp. 1354-1363).

Williams, A., Jones, J. M., Ma, L., & Pourkashanian, M. (2012). Pollutants from the
Combustion of Solid Biomass Fuels. Progress in Energy and Combustion Science,
38(2), 113-137.

Wu, Z., Meng, H., Luo, Z., Chen, L., Zhao, J., & Wang, S. (2017). Performance
evaluation on co-gasification of bituminous coal and wheat straw in entrained flow
gasification system. International Journal of Hydrogen Energy, 42(30), 18884—
18893.

Wu, Z. Q., Wang, S. Z., Zhao, J., Chen, L., & Meng, H. Y. (2014). Co-Gasification
Characteristic and Kinetic Analysis of Spent Mushroom Compost and Bituminous
Coal. Applied Mechanics and Materials, 577, 71-76.

Wu, Z., Wang, S., Zhao, J., Chen, L., & Meng, H. (2014a). Synergistic effect on thermal
behavior during co-pyrolysis of lignocellulosic biomass model components blend
with bituminous coal. Bioresource Technology, 169, 220-228.

Wu, Z., Wang, S., Zhao, J., Chen, L., & Meng, H. (2014b). Synergistic effect on thermal
behavior during co-pyrolysis of lignocellulosic biomass model components blend
with bituminous coal. Bioresource Technology, 169, 220-228.

Wu, Z., Wang, S., Zhao, J., Chen, L., & Meng, H. (2014c). Thermal behavior and char
structure evolution of bituminous coal blends with edible fungi residue during co-
pyrolysis. Energy and Fuels, 28(3), 1792-1801.

Xiong, Q., Yeganeh, M. M., Yaghoubi, E., Asadi, A., Doranehgard, M. H., & Hong, K.
(2018). Parametric investigation on biomass gasification in a fluidized bed gasifier
and conceptual design of gasifier. Chemical Engineering & Processing : Process
Intensification, 127, 271-291.

Xu, J., Zuo, H., Wang, G., Zhang, J., Guo, K., & Liang, W. (2019). Gasification

mechanism and kinetics analysis of coke using distributed activation energy model
(DAEM). Applied Thermal Engineering, 152, 605-614.

252



Xu, Q. (2013). Investigation of co-gasification characteristics of biomass and coal in
fluidized bed gasifiers (Issue May). University of Canterbury.

Yahaya, A. Z., Somalu, M. R., Muchtar, A., Sulaiman, S. A., & Wan Daud, W. R. (2019).
Effect of particle size and temperature on gasification performance of coconut and
palm kernel shells in downdraft fixed-bed reactor. Energy, 175, 931-940. 8

Yan, L., Cao, Y., & He, B. (2018). On the kinetic modeling of biomass/coal char co-
gasification with steam. Chemical Engineering Journal, 331(September 2017),
435-442.

Yan, L., & He, B. (2017). On a clean power generation system with the co-gasification
of biomass and coal in a quadruple fluidized bed gasifier. Bioresource Technology,
235, 113-121.

Yang, X., Liu, X,, Li, R., Liu, C., Qing, T., Yue, X., & Zhang, S. (2018). Co-gasification
of thermally pretreated wheat straw with Shengli lignite for hydrogen production.
Renewable Energy, 117, 501-508.

Yang, Z., & Kumar, A. (2018). The Impacts of Thermal Pretreatments on Biomass
Gasification and Pyrolysis Processes. In J. S. Tumuluru (Ed.), Biomass
Preprocessing and Pretreatments for Production of Biofuels: Mechanical |,
Chemical and Thermal Methods (pp. 292—-324). CRC Press Taylor & Francis Group.

Yong Tau Len, K. (2009). Gasification of Oil Palm Biomass in Hot Compressed Water
(HCW) for Production of Synthesis Gas (Issue March).

Yoo, H. M., Lee, J. S., Yang, W. S., Choi, H. S., Jang, H. N., & Seo, Y. C. (2018). Co-
gasification characteristics of palm oil by-products and coals for syngas production.
Korean Journal of Chemical Engineering, 35(3), 654-661.

Yoon, S.J.,Son, Y. Il,Kim, Y.K., & Lee, J. G. (2012). Gasification and power generation
characteristics of rice husk and rice husk pellet using a downdraft fixed-bed gasifier.
Renewable Energy, 42, 163-167.

Yu, M. M., Masnadi, M. S., Grace, J. R,, Bi, X. T., Lim, C. J,, & Li, Y. (2015). Co-
gasification of biosolids with biomass: Thermogravimetric analysis and pilot scale
study in a bubbling fluidized bed reactor. Bioresource Technology, 175, 51-58.

Yuan, X., He, T., Cao, H., & Yuan, Q. (2017). Cattle manure pyrolysis process: Kinetic
and thermodynamic analysis with isoconversional methods. Renewable Energy,
107, 489-496.

Yusup, S., Khan, Z., Ahmad, M. M., & Rashidi, N. A. (2014). Optimization of Hydrogen
Production in In-Situ Catalytic Adsorption (ICA) Steam Gasification Based on
Response Surface Methodology. Biomass and Bioenergy, 60(January), 98-107.

Zaccariello, L., & Mastellone, M. L. (2015). Fluidized-Bed Gasification of Plastic Waste,
Wood, and Their Blends with Coal. Energies, 8(8), 8052-8068.

253



Zhan, X., Jia, J., Zhou, Z., & Wang, F. (2011). Influence of blending methods on the co-
gasification reactivity of petroleum coke and lignite. Energy Conversion and
Management, 52(4), 1810-1814.

Zhang, Haixia, Zhu, Z., Dong, Q., Yu, K., & Lu, Q. (2015). Structural properties and
gasification reactivity of Shenmu fly ash obtained from a 5t/d circulating fluidized
bed gasifier. Procedia Engineering, 102, 1104-1111.

Zhang, Huan, Yan, B. B., Lei, T. Z,, Liu, T., Hu, J. J., Li, Y. M., & Chen, G. (2018).
Thermogravimetric analysis of bamboo-tar under different heating rates based on
distributed activation energy model. International Journal of Agricultural and
Biological Engineering, 11(6), 180-186.

Zhang, J. liang, Guo, J., Wang, G. wei, Xu, T., Chai, Y. fan, Zheng, C. le, & Xu, R. sheng.
(2016). Kinetics of petroleum coke/biomass blends during co-gasification. In
International Journal of Minerals, Metallurgy and Materials (\Vol. 23, Issue 9, pp.
1001-1010).

Zhang, K., Chang, J., Guan, Y., Chen, H., Yang, Y., & Jiang, J. (2013). Lignocellulosic
Biomass Gasification Technology in China. Renewable Energy, 49, 175-184.

Zhang, L., Xu, C. (Charles), & Champagne, P. (2010). Overview of Recent Advances in
Thermo-Chemical Conversion of Biomass. Energy Conversion and Management,
51(5), 969-982.

Zhang, Y., & Zheng, Y. (2016). Co-gasification of coal and biomass in a fixed bed reactor
with separate and mixed bed configurations. Fuel, 183, 132-138.

Zhang, Y., Zheng, Y., Yang, M., & Song, Y. (2016). Effect of fuel origin on synergy
during co-gasification of biomass and coal in CO2. Bioresource Technology, 200,
789-794. 6

Zheng, H. (2013). Corn Stover Steam Gasification. Univeristy of Minnesota.

Zhenyue, L. (2012). Pelletisation of Biomass Oil Palm Kernel Shells for Gasification
(Issue November) [Curtin University].

Zhou, C., Liu, G., Wang, X., & Qi, C. (2016). Co-combustion of bituminous coal and
biomass fuel blends: Thermochemical characterization, potential utilization and
environmental advantage. Bioresource Technology, 218, 418-427.

254



