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ABSTRACT 

 The effect of design and operating parameters, mainly as bed temperature (T), pressure (P), equivalence ration 

(R), feed rate (F) and particle size (S) on the performance of the gasification process of saw dust as biomass in a 

continuous fixed bed updraft reactor. In the present investigation, an empirical relationship was developed to 

predict the process of generating fuel gas with better quality through gasification of biomass in a fluidized bed 

reactor using response surface methodology (RSM). Six major components of the producer gas such as O2, H2, 

CO, CO2, CH4, and N2 were analyzed in the laboratory along with the evaluation of tar yield and cold gas 

efficiency. It was observed that the concentrations of hydrogen, oxygen nitrogen and carbon monoxide were 

increased with rise in gasification temperature, pressure and equivalent ratio (0.2-0.35). Higher equivalence ratio 

also resulted in more gas yields and cold gas efficiency due to increase in the exothermic reactions. 

Furthermore, it was observed that the CH4 and CO2 decreased with the increase of temperature and pressure. 

The developed model was made a good prediction for the experimental data as observed for the gas species 

concentrations. 

.Keyword: Equivalent ratio, Fluidized bed gasifier, Producer gas Sugarcane bagasse, and Response 

surface methodology . 

 

INTRODCTION  

 The fluidized bed gasifier allows efficient conversion of solid biomass into high quality product gas via steam 

gasification [1–4]. Gasification as a process of converting carbonaceous materials into gaseous products using a 

gasifying medium such as air, oxygen, and steam has been considered as an alternative to combustion of low 

density biomass materials [5]. An integrated gasification combined cycle system offers a generating efficiency 

in the order of 40%, which is higher than that for a conventional direct combustion pulverized coal fired plant 

(~34%) [6]. The gasification technologies are broadly of two types – fixed bed and fluidized bed. According to 

Ergudenler [7],sugarcane bagasse has low contents of sulfur and of heavy metals and is relatively nonpolluting 
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[8]. It can serve as a more environmentally friendly fuel than fossil fuels because, even when it is burned, all the 

emitted carbon can be the carbon accumulated in the plant body by photosynthesis; in other words, it is carbon 

neutral. Conversion of sugarcane bagasse into heat, steam, gases, or liquid fuels could bring benefits to countries 

that have no conventional energy resources [9]. It power plants [10-13], but so far no such plants have been built 

in India, possibly because of low electricity prices and a lack of sufficient incentives to adopt renewable energy 

[14].Several studies have investigated equilibrium modelling of gasification and most of them used the 

relatively simple Gibbs free energy minimization method [15–17]. Ptasinski.etal. [18] and Prins et al. [19] 

studied the effect of varying feedstock compositions on gasification efficiency. Mahishi and Goswami [20] used 

equilibrium modelling to study the effects of operating conditions on hydrogen yields using both steam and 

oxygen as gasifying agents.  

 2.1 EXPERIMENTAL SET UP 

 The cylindrical gasifier with 108 mm inside diameter up to a height of 1400 mm made of carbon steel material 

having inside refractory lining of thickness 0.1 m. The gasifier is fitted with a multiple hole distributor plate of 

105 mm diameter was used for air distribution The ash discharge systems were provided for periodical disposal 

through the lock hopper arrangements. The electric heating was switched onto and the gasifier was allowed to 

run until the bed temperature was 450°C.The cyclone at the outlet of gasifier was used to separate the solid 

particles from the fuel gas mixture. A second orifice meter (50 mm diameter) was positioned in the fuel gas pipe 

(108 mm diameter) to estimate the gas yields. The As sugarcane bagasse has high ash content, it requires larger 

fraction of the fuel to be burnt – this ultimately demands a higher equivalence ratio [22]. In Hartiniati et al. [23], 

it is reported that the equivalence ratio was maintained between 0.30 and 0.48 during experimentation in a pilot 

scale fluidized bed gasifier fueled by sugarcane bagasse. Later on, Mansaray et al. [24] also investigated the 

sugarcane bagasse gasifier performance in a fluidized bed system by varying the equivalence ratio at 0.25, 0.30 

and 0.35. In view of these observations, the gasifier was operated with equivalence ratios of 0.20-0.50 in the 

present investigation to get the experimental results. 
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Fig, 1 EXPERIMENTAL SET UP 

2.2. FEEDSTOCK AND INERT BED MATERIALS 

The proximate and ultimate analyses of sugarcane bagasse used as feed stock are presented. 

Considering the major elements and on the basis of dry and ash free condition, the sugarcane bagasse was 

represented as CH1.49O0.64 on molar basis. The inert bed material used was sand and its particle size distribution 

was selected as 0.400 mm using sieve analysis. [21]. Using oven method (110°C till reaching standard borne dry 

weight), moisture content of feed stock was measured (ASTM, E – 871). Proximate composition such as volatile 

matter (ASTM, E – 872) and ash (ASTM, E – 830) and fixed carbon (by weight difference) was found out by 

ASTM procedures. 

2.3 IDENTIFYING THE IMPORTANT FACTORS AND THE FEASIBLE WORKING LIMIT 

The predominant factors that have a greater influence on the quality of the producer gas and the cold 

gas efficiency have been identified review from the literature [25-34] and the following conclusions have been 

arrived at If the bed temperature was less than 650°C, the catalyst was required for higher production of 

hydrogen and nitrogen. The temperature at the bottom part of the gasifier is stable for all the fuels at around 

650°C [25]. the bed temperature was greater than 950°C, expected that the gas composition will change with 

temperature inside the gasifier, but no clear trend was observed for the individual gas components during 

gasification [26].If the pressure is less than 1 bar, the high purity of the produced gas is not required [27]. If the 

pressure is greater than 5 bar, the process control for chemical cycles due to the production of hydrogen in high 

pressure is to some extent difficult [28].If the feed rate was less than 5 kg/hr, but as time passes, feed stock and 

ned materials gather on the bottom, forming a solid bed. [29]If the feed rate was less than 20 kg/hr, may 

decrease the residence time of the material inside it and thus decrease its exposure to melting inside it. Hence, 

the gasifier used for the present work id designed with the maximum feed rate of 20 kg/hr [30]. If the equivalent 

ratio is less than 0.2, the change is temperature is very insensitive. If the equivalent ratio is greater than 0.5, It is 
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noted from the data that, at increased values of ER, the higher heating value of synthetic gas was reduced which 

is in good agreement with the results of the study conducted [26, 31]. If the particle size is less than 70 µm, 

implied higher conversions, and with lower solid temperatures into the bed and lower concentration of some 

gases, this means lower combustion richness [32].If the particle greater than 500 µm, reduces the pre-treatment 

costs, but the devolatilization time increases, and thus for a defined throughput the gasifier size increases [33]. 

2.4 EXPERIMENTAL DESIGN MATRIX 

Owing to a wide range of factors, the use of five factors and central composite rotatable design matrix 

was chosen to minimize number of experiments. The assay conditions for the reaction parameters were taken at 

zero level (center point) and one level (-1) and (+1). The design was extended up to a ± α (axial point) of 2.378. 

The design would consist of the 10 corner points of the 2
5
 cube, the 16 star points, and 6 center points. The star 

points would have a = 32^ (1/4) = 2.378  For the convenience of recording and processing experimental data, 

the upper and lower levels of the factors were coded here as +2.378 and -2.378 respectively. The coded values 

of any intermediate value could be calculated using following relationship  

Xi = (2.378 x {2X- [Xmax - Xmin]})/(Xmax - Xmin) …………………………….. (1) 

where,Xi is the required coded value of a variable X and X is any value of the variable   

 from Xmin to Xmax ; 

     Design matrix consisting of 32 sets of coded conditions (comprising a full replication five factorial of 16 

points, 10 corner points and six centre points) was chosen in this investigation.  

TABLE 1-IMPORTANT FACTORS AND THEIR LEVELS 

Factors Units Notation Factors  levels 

   -2.378 -1 0  +1 +2.378 

Bed Temperature Celsius T 650 725 800 875 950 

Pressure MPa P 1 2 3 4 5 

Feed rate Kg/h F 5 8.75 12.5 16.25 20 

Particle size and Shape µm S 70 142.5 215 357.5 500 

Equivalence ratio 
 

E 0.2 0.275 0.35 0.425 0.5 

 

2.5 EXPERIMENTAL TESTING 

During experimentation, special care was taken to maintain the desired bed temperatures as the selected 

feedstock was sugarcane bagasse which had 17.09% ash, higher than any woody biomass and its ash had more 

than 95% silica. One of the important features of sugarcane bagasse gasification is that the bed temperature can 

be kept as low as 600–650°C, thereby preventing sintering and agglomeration of this ash which would otherwise 

cause serious operational problems during the conversion process[33] also indicate that oxidation of sugarcane 
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bagasse at a temperature higher than 900°C results in a physical structural transformation of silica from its 

original amorphous state to a crystalline state thereby encapsulating residual carbons. In view of this, the 

gasifier was operated in the range of 600–950°C when the experiments were carried out with equivalence ratio 

0.2 and 0.5. The energy content of the gas is assessed through the variable CGE (cold gas efficiency). This 

variable represents the ratio between the energy content of the permanent gas (HHVgas) and the energy content 

of the initial biomass feedstock (HHVRiceHusk) without taking into account the heat input in the reactor: 

CGE = HHVgas/HHVRiceHusk  …… (1) 

At the end of the experiment the residual tar were weighed and stored in a sealed recipient for further 

characterization. The tar yield is expressed as the ratio of the residual tar to the initial mass of sugarcane bagasse 

YTar% = [(MTar) / (MRiceHusk)]x100 ….. (2) 

3.0 DEVELOPING THE EXPERIMENTAL DESIGN MATRIX  

 RSM provides a quantitative form of relationship between the desired response (Quality of the 

Producer gas ) and the independent input variables, bed temperature (T), pressure (P), the feed rate of the feed 

stock (F), the equivalence ratio (E) and particle size (S), and can be expressed as a function, as in Equation (3) 

Producer gas (G) = f (T, P, F, E, S)..... (3) 

The empirical relationship must include the main and interaction effects of all factors and hence the 

selected polynomial is expressed as follows: 

Y = bo + ∑bi xi + ∑ bii xi
2
 + ∑ bij xi xj   ….. (4) 

For five factors, the selected polynomial could be expressed as  

Quality of the Producer Gas (G) = {b0 +b1 (T) + b2 (P) +b3 (F) +b4 (E) +b5(S) + b11(T
2
) + b22(P

2
) + b33(F

2
) + 

b44(E
2
) + b55(S

2
) + b12 (TP) + b13 (TF) + b14(TE) b15(TS) + b23(PF) + b24(PE) + b25(PS) + b34(FE) + b35(FS) + 

b45(ES)} ….. (5) 

where b0 is the average of responses (corrosion rate) and b1, b2, b3… b11, b12, b13… b22, b23, b33, are the 

coefficients that depend on their respective main and interaction factors, which are calculated using the 

expression given below, 

                                    Bi = (∑ (Xi,Yi) )/n ……………………………..… (6) 

. The final empirical relationship obtained by the above procedure to estimate producer gas generation of 

sugarcane bagasse under fluidized bed gasification is given below; 

TABLE 2-EXPERIMENTAL RESULTS 

Ex.  

No 

Input parameters Gas Composition 

Bed 

Temperature(°

C) 

Pressur

e 

(bar) 

Feed 

Rate(kg/hr

) 

Equivale

nt 

ratio 

Particl

e 

size 

(µm) 

Oxyge

n 

Hydroge

n 

Carbon 

monoxid

e 

Carbon-

di-oxide 

Methan

e 

Nitroge

n 

Tar 

yield 

Cold gas 

efficienc

y 

1 725 2 8.75 0.275 392.5 0.21 5.89 12.83 10.8 1.25 54.6 4.6 64.1 

2 875 2 8.75 0.275 177.5 0.35 7.15 11.89 12.1 1.4 54.5 4.5 64.5 

3 725 4 8.75 0.275 177.5 0.25 6.16 12.24 11.2 1.31 54.6 4.65 64.6 

4 875 4 8.75 0.275 392.5 0.36 7.99 11.11 12.8 1.41 54.0 4.02 65.1 

5 725 2 16.25 0.275 177.5 0.28 6.38 12.90 11.5 1.32 53.9 3.99 63.9 

6 875 2 16.25 0.275 392.5 0.16 4.81 11.89 10.1 1.21 54.9 4.91 64.9 

7 725 4 16.25 0.275 392.5 0.24 5.11 12.28 12.9 1.28 54.8 4.86 64.8 

8 875 4 16.25 0.275 177.5 0.22 5.03 12.1 11.1 1.26 53.9 3.95 65.9 



 

149 | P a g e  

9 725 2 8.75 0.425 177.5 0.33 8.06 12.27 11.9 1.37 54.4 4.44 64.4 

10 875 2 8.75 0.425 392.5 0.18 4.99 11.79 10.6 1.22 53.8 3.81 63.8 

11 725 4 8.75 0.425 392.5 0.32 7.68 12.14 13.8 1.36 54.1 4.15 64.1 

12 875 4 8.75 0.425 177.5 0.11 4.75 12.13 9.9 1.15 54.1 4.11 64.1 

13 725 2 16.25 0.425 392.5 0.15 5.77 12.21 10.3 1.19 54.5 4.53 64.5 

14 875 2 16.25 0.425 177.5 0.18 5.34 12.16 10.6 1.23 54.2 4.25 64.2 

15 725 4 16.25 0.425 177.5 0.25 6.6 12.2 11.6 1.29 54.4 4.45 64.4 

16 875 4 16.25 0.425 392.5 0.24 5.45 12.26 11.1 1.28 54.7 4.78 64.7 

17 650 3 12.5 0.35 285 0.25 5.61 12.42 11.4 1.29 54.5 4.51 62.5 

18 950 3 12.5 0.35 285 0.32 7.21 11.05 13.3 1.21 53.2 3.23 65.1 

19 800 1 12.5 0.35 285 0.18 3.77 12.14 10.6 1.28 54.1 4.19 64.1 

20 800 5 12.5 0.35 285 0.36 6.13 11.92 12.2 1.3 53.0 3.06 64.2 

21 800 3 5 0.35 285 0.24 6.45 12.01 11.1 1.28 53.5 3.54 65.5 

22 800 3 20 0.35 285 0.18 4.11 12.17 10.6 1.24 54.3 4.34 64.0 

23 800 3 12.5 0.2 285 0.16 4.6 12.34 10.4 1.25 54.6 4.68 64.6 

24 800 3 12.5 0.5 285 0.2 6.44 12.21 10.8 1.22 54.5 4.53 64.9 

25 800 3 12.5 0.35 70 0.32 6.64 12.04 12.1 1.36 53.6 3.68 63.6 

26 800 3 12.5 0.35 500 0.18 4.91 11.89 10.6 1.22 52.9 2.93 63.9 

27 800 3 12.5 0.35 285 0.22 5.16 11.98 10.5 1.26 53.3 3.39 63.3 

28 800 3 12.5 0.35 285 0.13 3.33 11.78 9.25 1.15 52.3 2.69 62.6 

29 800 3 12.5 0.35 285 0.13 3.33 11.78 9.25 1.26 52.3 2.39 62.3 

30 800 3 12.5 0.35 285 0.13 3.33 11.78 9.25 1.19 52.3 2.39 62.3 

31 800 3 12.5 0.35 285 0.13 3.33 11.78 9.89 1.19 52.3 2.39 62.3 

32 800 3 12.5 0.35 285 0.13 3.33 11.78 9.25 1.19 52.3 2.39 62.3 

 

The Analysis of Variance (ANOVA) technique was used to find the significant main and interaction factors.. 

The determination coefficient (r
2
) indicated the goodness of fit for the model. The Model F-value of (Oxygen = 

3.84, Hydrogen = 5.85, Nitrogen = 5.23, Carbon-monoxide = 4.41, Carbon-di-oxide = 5.33, Methane = 4.15, 

Cold Gas Efficiency = 4.97 and Tar Yield = 8.11) implies the model is significant.   

4.0 RESULTS AND DISCUSSION 

4.1 EFFECT OF TEMPERATURE: Higher temperatures favoured the formation of O2, N2, H2 and CO 

coupled with increased reforming of methane. However, if the temperature is further increased, H2 is converted 

to CO and H2O by the reverse water gas shift reaction, In this case, the maximum H2/CO ratio occurred at 

between 750-950°C, but this varied according to the other operating variables. According to previous studies 

composition and heating value as bagasse, occurs at around 850°C,which would correspond to the optimum 

gasifier temperature. 

4.2 EFFECT OF PRESSURE:The composition of the syngas at equilibrium was determined at 5 bar, 0.36 

% O2 and 53% N2. The calculations are performed by determining the minimum of Gibbs free energy of a 

specific system based on a database containing thermodynamic data for various chemical species and phases. 

Compared to thermodynamic equilibrium the syngas contains less CO but more CO2. The syngas also contains 

1.3% CH4 which is not predicted at all at equilibrium. 

4.3 EFFECT OF FEED RATE: The overall range of methane content was 1–1.3% in all the trials of 

fluidized bed gasification. With the increase of rate of feed stock, the percentage of oxygen and hydrogen was 

decreased. The same pattern of change of synthetic gas constituents was observed in the earlier study conducted 

. 
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4.4 EFFECT OF EQUIVALENCE RATIO: It is found the theoretical optimum conditions for maximum 

efficiency and hydrogen production from atmospheric gasification of dry biomass to be 825°C and an 

equivalence ratio of 0.35.However, they did not account for practical considerations such as tar formation. It has 

been reported in literature that a 20% secondary air injection above the gasifier freeboard can reduce tar 

formation . The results from the study [33] showed a good correlation between experimental and predicted 

results for bagasse gasification with no tar formation at equivalence ratios of 0.35 and  the effect of ER variation 

(0.2-0.4) is one of the most important operation parameters on the quality of the producer gas. H2 production 

peaked at ER of 0.35. Lower heating value of the producer gas was obtained at high ER which was due to the 

promotion of the oxidation reaction and dilution of the producer gas with N2.  

4.5 EFFECT OF PARTICLE SIZE : Therefore, a balance should be considered while investigating the 

effect of biomass particle size on the gasification efficiency. The non-uniformity of the biomass particles will 

influence gasification reaction rate. However, due to intense mixing caused by the fluidized sand, temperature 

longitudinally does not vary much and are almost similar, indicating that the irregular shapes and size of wood 

chips do not effect the temperature. 

5.0 CONCLUSIONS 

1.The present study was focused on the gasification of Sugarcane bagasse in a pilot scale fluidized bed reactor 

installed in the laboratory. The gasifier was operated at bed temperatures ranging from 650 °C to 950 °C with 

varying equivalence ratios of 0.2 – 0.5 , pressure 1 to 5 bar, feed rate 5 -20 kg/hr and particle size 70 -500 µm to 

investigate the fuel gas compositions.  

2.The empirical relation was developed in order to quantify the composition of fuel gas. This model gave results 

with high accuracy showing similar trends in predicting the variation of gas species concentrations in line with 

experimental data.  

3.It was noticed that the amount of CH4 produced during the gasification process was more in comparison to the 

predicted values. The possible reason could be that the equilibrium state might not have reached for not having 

enough bed temperature in gasifier.  

4.It was seen that hydrogen, oxygen, nitrogen and carbon monoxide contents in fuel gas were increased with rise 

in bed temperatures, equivalent ratios. 

5.The cold gas efficiency was found to increase at higher temperature, equivalence ratio and pressure due to 

presence of more CO2 and O2 in the fuel gas, even though the rate of carbon conversion was more with the rise 

in bed temperature. 

REFERENCES 

1. A.V.Bridgwater, The technical and economic feasibility of biomass gasification for power generation. Fuel. 

74(3)(1995) 631–53.Bridgwater AV. The technical and economic feasibility of biomass gasification for 

power generation. Fuel 1995;74(3):631–53. 

2.  Boateng AA, Walawender WP, Fan LT, Chee CS. Fluidized bed steam gasification of rice hull. Bioresour 

Technol 1992;40(2):235–9. 



 

151 | P a g e  

3. Senthilkumar M. and Vivekanandan S. Effect of Processing Parameters on the Biomass Gasification of 

Coconut Shell, International Journal of Engineering Trends and Technology, Vol. 42, No. 7, pp.388-

397(2016), 

4. Ghaly AE, Al-Taweel AM. Mackay GDM project report renewable energy division. Canada, Ottawa, 

Ontario: Energy Mines and Resources; 1986. 

5. Schimmoller BK. Coal gasification: stricking while the iron  hot. Power Eng 2005:30–40. 

6. Ergudenler A. Gasification of wheat straw in a dual distributor type fluidized bed reactor. Unpublished 

PhD. thesis, Technical University of Nova Scotia, Halifax, Nova Scotia, Canada; 1993. 

7. Natarajan E, Nordin A, Rao AN. Overview of combustion and gasification of sugarcane bagasse in 

fluidized bed reactors. Biomass Bioenergy 1998;14(5e6):533e46. 

8. Mansaray KG, Ghaly AE, Al-Taweel AM, Hamdullahpur F, Ugursal VI. Air gasification of sugarcane 

bagasse in a dual distributor type fluidized bed gasifier. Biomass Bioenergy 1999;17(4): 315-32. 

9. Senthilkumar M. and Vivekanandan. S. Statistical Evaluation of the Process Parameters in the Biomass 

Gasification, International Journal of Control Theory and Applications, Vol. 9, No.36, pp. 291-304. (2016),   

10.  Ramarao M. and Vivekanandan S. (2016), Optimization of Fuel Blending Ratio to Enhance the Co-

Gasification Performance, International Journal of Engineering Trends and Technology, Vol. 42, No. 7, 

pp.398-410. 

11. C.Franco, F.Pinto, I.Gulyurtlu, I.Cabrita, . The study of reactions influencing the biomass steam gasification 

process. Fuel. 82(2003) 835–842. 

12. Nguyen NT, Duong HM. Economic potential of renewable energy in Vietnam’s power sector. Energy 

Policy 2009; 37(5): 1601-13. 

13. Bergqvist MM, Wardh KS, Das A, Ahlgren EO. A techno-economic assessment of sugarcane bagasse-

based power generation in the Mekong River Delta of Vietnam. Int J Energy Res 2008; 32(12):1136-50. 

14. Bhattacharya SC, Abdul Salam P, Sharma M. Emissions from biomass energy use in some selected Asian 

countries. Energy 2000;25(2):169e88. 

15. Bridgwater AV, Toft AJ, Brammer JG. A techno-economic comparison of power production by biomass 

fast pyrolysis with gasification and combustion. Renew Sust Energy Rev 2002;6(3):181-246. 

16. Lin, C.L., Wey, M.L., You, S.D., 2002. The effect of particle size distribution on minimum fluidization 

velocity at high temperature. Powder Technol. 126, 297–301. 

17. Natarajan E, Nordin A, Rao AN. Overview of combustion and gasification of sugarcane bagasse in 

fluidized bed reactors. Biomass Bioenergy 1998;14(5/6):533–46. 

18. Hartiniati A, Soemardjo A, Youvial M. Performance of a pilot scale fluidized bed gasifier fuelled by 

sugarcane bagasses. In: Proceedings of international conference on pyrolysis and gasification; 1989. p. 257–

63. 

19. Z.A. Bin Zainal Alauddin, L. Pooya, M. Mohammadi, A.R. Mohamed, Gasification of lignocellulosic 

biomass in fluidized beds for renewable energy development: a review, Renewable and Sustainable Energy 

Reviews 14 (2010) 2852–2862. (Temperare) 



 

152 | P a g e  

20. Mansaray, K.G., Ghaly, A.E., Al-Taweel, A.M., Hamdullahpur, F., Ugursal, 1999. Air gasification of 

sugarcane bagasse in a dual distributor type fluidised bed gasifier. Biomass Bioenergy 17, 315–332. 

(Temperare) 

21. Simin Shabani, Mojtaba Aghajani Delavar, Mohammadreza Azmi. Investigation of biomass gasification 

hydrogen and electricity co-production with carbon dioxide capture and storage, international jornal of 

hydrogen energy 38, pp. 3630-3639, 2013 (Pressre) 

22. Koc R, Kazantzis NK, Hua Ma Y. A process dynamic modeling and control framework for performance 

assessment of Pd/ alloy-based membrane reactors used in hydrogen production. Int J Hydrogen Energy 

2011;36:4934e51.  

23. Mathieu, P., Dubuisson, R., 2002. Performance analysis of a biomass gasifier. Energy Convers. Manage. 

43, 1291–1299. Eqivalent ratio & Feed rate 

24. Lin, C.L., Wey, M.L., You, S.D., 2002. The effect of particle size distribution on minimum fluidization 

velocity at high temperature. Powder Technol. 126, 297–301. (Particle Size & Feed rate) 

25. Drift, A.V., Doorn, J., Vermeulen, J.W., 2001. Ten residual biomass fuels for circulating fluidized-bed 

gasification. Biomass Bioenergy 20, 45–56. 

26. Luoa, S., Xiao, B., Hua, Z., Liua, S., Guana, Y., Caia, L., 2010. Influence of particle size on pyrolysis and 

gasification performance of municipal solid waste in a fixed bed reactor. Bioresour. Technol. 101 (16), 

6517–6520. (Particle Size) 

27. Susana Martı´nez-Lera, Jose´ Torrico Javier Pallare´s  Antonia Gil Design and first experimental results of 

a bubbling fluidized bed for air gasification of plastic waste, J Mater Cycles Waste Manag (2013) 15:370–

380 

28. M. Risberg , O.G.W. Öhrman , B.R. Gebart , P.T. Nilsson, A. Gudmundsson , M. Sanati, Influence from 

fuel type on the performance of an air-blown cyclone gasifier, Fuel 116 (2014) 751–759. 

29. Mansaray KG, Ghaly AE, Al-Taweel AM, Hamdullahpur F, Ugursal VI. Air gasification of sugarcane 

bagasse in a dual distributor type fluidized bed gasifier. Biomass Bioenergy 1999;17:315–32. 

30. Kaupp Albrecht. Gasification of rice hulls: theory and practices. Deutsches Zentrum Fuer Entwicklungs 

Technologien (GATE): Eschborn; 1984. 

31. Schiefelbein GF. Biomass thermal gasification research: recent results – United States DOE’s research 

program. Biomass 1989;19:145–59. 

32. Z.A. Bin Zainal Alauddin, L. Pooya, M. Mohammadi, A.R. Mohamed, Gasification of 

lignocellulosic biomass in fluidized beds for renewable energy development: a review, Renewable 

and Sustainable Energy Reviews 14 (2010) 2852–2862. 

 


