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ABSTRACT:

The objective of the present work was to assess the agro-industrial residuals in a fluidized bed gasification
process. The experiments were performed in a pilot scale auto-thermal fluidized bed gasifier (FBR) were
wheat husk, rice husk and corn stalk was used as the feed stock after analyzing phsio-chemical analysis with
physical pre-treatment by using air as gasifying agent. The working parametric such as bed temperature (t),
equivalence ratio (e), pressure (p), feed size (fs) and fuel consumption rate (fc) with optimum condition
considered to improve producer gas efficiency, tar yield efficiency and ash content efficiency. Experiments
were conducted between the ‘t” range of 650-900°C, using ‘e’ ranges 0.2 to 0.35, ‘fs’ between of 75 to 300 um
and ‘fc’ range of 5 to 20 kg/hr. In the present investigation, an empirical relationship was developed to predict
the process of generating producer gas with better quality through gasification of biomass in a FBR using
response surface methodology (RSM). The full potentiality of wheat husk, rice husk and saw dust for
gasification was investigated via RSM. Higher fs and e resulted in more gas yield due to increases in the
exothermic reactions. The developed model was made a good prediction for the experimental data as well as
predicated data.

Index Terms — Fluidized gasification, Response Surface Methodology, Equivalence ratio

1. Introduction
An agro-industrial waste could be utilized for the recovery of energy. Biomass such as wheat husk, rice

husk and corn stalk. Used as reasonably due to high energy content 10<18 MJ/kg [1-4]. In many countries,
moist of surplus, agro wastes are disposed by direct burning in open heaps, which result in energy loss and
units emission of various pollutants to the environment. The process of converting carbonaceous substance
into gaseous products using a gasifying agent such as air, O2 and steam has been considered as one of the
visible alternative to combustion of low density [5]. Agro-industrial residue further the gasification process is
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80% thermodynamically efficient in converting the organic substance of the feed into a product gas with the
mixture containing Co2, Co, H2, CH4, N2 and other minor organic compounds such as tars, ammonia, sulfur
formed in case of air is used as gasifying agent beside the gasification system products a clean fuel gas can be
used in a combined cycle for generation power may achieve 40% efficiency. An integrated combined cycle of
gasification system offer higher efficiency than that of a convention direct combustion pulverized coal fixed
process [6].

Nowadays, gasification technology that coverts solid biomass into syngas for combined integrated cycle, coal
covert liquid products and chemical products [7-9]. The gasification technology has been developed for woody
agriculture biomass is carbon-neutral as eco- friendly CO2 emission when solid biomass used. However,
biomass has a low heating value transportation, storage cost and density and also the problem of shortages of
this fuel due to seasonally and the potentially necessity to have large size gasifier [10].

The generation of energy from rice husk and wheat husk, could also generate income as a co-
generation of power to the national grid system could save the fuel cast and cost of treatment however, many
technologies have been developed for utilizing biomass as gasification to generate power by using Agro-
biomass to drive generator to producer energy [17-20]. very few investigation have been done related to
different working parameter in a fluidized bed gasifier using woody biomass, hence the present work was
aimed to develop fluidized bed gasifier using air of gasifying agent by incorporating the process parameter like
bed temperature, equivalent ratio, pressure, feed rate, particle size and to investigate the effect of producer gas,
tar, ash efficiency [21].

2. Experimental investigation
A. Agro biomass

The feed material such as wheat husk, rice husk and corn stalk was selected to study the fluidized bed
gasification process. biomass were collected from rural area from Kattumannar koil, Cuddalore district, India.
The phsio-chemical properties of biomass as feed material are presented in Table 1. The test materials were
dried and then sieved in a standard sieves, as particle size was distributed as 196 pum, 298 um and 285 um as
followed by wheat husk, rice husk and saw dust [22]. The specific gravity of the selected materials was
measured using bottle method; the moisture content, volatile matter, fixed carbon and ash content was
determined by ASTM procedures (ASTM, E -871, 872 and 830) respectively [23]. The feed elemental
composition was analyzed by PERKIN ELMAR 2400 Series Il. The bed material was used as lime stone and
may used particle size as selected as 0.4 mm. The fluidization velocity was determined by using U-tube
manometers are used to measure the pressure drop above and below the distributor plate and at different
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heights of fluidized bed gasifier. The air velocity determined to the peak pressure drop gives the experimental

value of minimum fluidization velocity.

Table 1
Ultimate and proximate analysis of biomass
Ultimate analysis Proximate analysis
Percent Percent
Components Wheat Rice Corn Components Wheat Rice Corn
husk husk stalk husk husk stalk
Carbon 40.10 50.48 31.54 Volatile matter 84.10 70.60 54.91
Hydrogen 6.40 6.51 4.07 Fixed carbon 5.68 2.97 1151
Nitrogen 1.35 1.49 3.99 Moisture 9.92 9.45 11.43
Oxygen 51.79 41.40 25.87 Ash 1.63 17.09 22.14
Sulphur 0.36 0.20 0.96 He?lt\'/l”ﬁk‘g;'“e 17.04 | 1981 | 1552

Wheat husk

Rice husk Corn stalk

Photographic view of different biomass

3.Experimental setup
A 20 kg/hr fluidized bed gasifier has been developed and the experimental investigation was carried

out on agro-industrial biomass such as wheat husk, rice husk and corn stalk. The schematic line diagram of
experimental setup is shown in figure 1 and table 2 shows the experimental design specification and operating
parameters. The gasifier is made up of carbon steel material with the inside diameter of 108 mm and height of
1400 mm having inside refractory lining of thickness 0.1 m and multiple hole distributor plate of 105 mm
diameter was used for air distribution. Lime stone was used as bed material fitted with gasifier, arrangement is
made to discharge the ash periodical disposal system. The screw feeder used to feed the feed material and to
maintain the bed in a fluidized stage air was introduced at the bottom of gasification system using blowers.
The air flow was estimated by orifice meter placed in a feed pipe to measure the pressure drop with proper
controlling and regulating valves. The calibration of orifice prior to the experiment with two instruments;

namely a anemometer (make: Dantec, Denmark) and micro-manometer (make: Furnace Control, England).
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The pressure drop between the orifice were measured in the manometer with respect to flow rates by the

anemometer. At different equivalent ratio pressure drop were noted to measure the air flow rate.

Table 2
Design and operating features of Fluidized Bed Gasifier
Parameters Range
Gasifier Fluidized Bed Gasifier

Gasifier specifications

Diameter (Inner) : 108 mm
Total height : 1400 mm

Heating Electric heating
Coolant Water
Biomass capacity 20 kg / hr
Feeding method Screw feeder
Gasifying agents Air
Temperature 650-950 °C

Operating parameters

Bed Temperature, Pressure, Feed rate,
Equivalence ratio and Particle size.

Purification

Cyclone, Water scrubber, Dry filter

Pre-heating the bed material with help of electrical heaters during startup to achieve the bed temperature, feed

was controlled in a screw feeder using speed drive properly into the gasifier to prevent the combustion outside

the chamber. The deserved equivalent ratio was achieved by controlling the air supply to the gasification

system. The cyclone separator used to separate the solid particles from the producer gas. The bag filter used to

clean up the gas by removing dust and other Corse particles. The water cooling systems were used to cool the

producer gas and remove the tar by condensation.
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1. Biomass hopper 6. Heating coil  11.Water scrubber
2. Fluidized bed 7. Screw feeder 12.Dry filter

3. Thermocouple 8. Blower motor 13.Water in

4. Free bard 9. Suction blower 14. Water out

5.

Control panel 10.Cyclone

15.Gas outlet

Figure 1. Layout of experimental setup

Experimental testing and operating conditions

Temperature (t)

ISSN: 2583-6773

Investigation carried out by maintain the desired bed temperatures as the selected feed material such as

wheat husk, rice husk and corn stalk. One of the important features of biomass gasification is that the bed

temperature can be kept as low as 650-950°C, thereby preventing sintering and agglomeration of carbon ash

during the conversion process. Low temperature requires catalyst for producing hydrogen and nitrogen. The

bottom part of the gasifier, temperature is stable for all the fuel around 650 °C. High temperature above 950 °C

will change the gas composition.
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Equivalent ratio (e)

Quantity of air required to burn a portion of the fuel to release heat by supporting the endothermic
reactions, to prevent the heat losses in Solid, liquid and gaseous product by maintaining the required
temperature termed as equivalence ratio as an important factor in a gasification process. Experiment were
carried out with a equivalence ratio 0.2 - 0.5 with wheat husk, rice husk and saw dust by varying equivalence
ratio at 0.25, 0.30 and 0.35.

Pressure (p)
The chemical cycle when the production of hydrogen may affects, if the pressure rises above 5 bar and if the

pressure less than 1 bar producer gas generates with low purity.

Feed size (fs)
The biomass less than 75 pm implied more conversions leads to lower solid temperatures in the system

may affect the concentration of producer gas. Feed size above 500 um leads to devolatilization period and may
reduce the pre-treatment cost.

Fuel consumption rate (fc)
Biomass gathers on the bottom forming a solid bed with a feed rate was less than 5 kg/hr,

If the fuel consumption rate was less than 20 kg/hr, may decrease the residence time of the feed inside the
gasifier and thus decrease its exposure to melting inside. Hence, the gasifier used for the present work

designed with the maximum feed rate of 20 kg/hr.

3. Design matrix on experimentation
From the investigation the agro-industrial biomass as a predominant factor may have the greater

influence on the quality of the solid (ash), liquid (tar) and gaseous (producer gas) have been identified [24-29].
The biomasses such as wheat husk, rice husk and corn stalk, are used in the present investigation. Owing to a
wide range of factors such as temperature, pressure, equivalence ratio, feed size and fuel consumption rate.
The use of five factors and central composite rotatable design matrix was chosen to minimize number of
experiments. The number of tests required for the CCRD includes the standard 2k factorial with its origin at
the center, 2k points fixed axially at a distance, say a, from the center to generate the quadratic terms, and
replicate the experiment tests at the center point; where number of variables represent by k. The axial points
are chosen such that they allow rotatability, which ensures that the variance of the model prediction is constant
at all points equidistant from the design center. By adding axial points which extend, the design will provide

protection against the curvature from twisting. Hence, the design was extended up to + a. The value of a is
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chosen to maintain rotatability and depend upon the number of experimental runs in the factorial portion of the
CCD, as shown in Equation (3.1)

o = [number of factorial points]1/4 (3.1)
If full factorial for a is evaluated using
o = [23]1/4 =+1.682 (3.2)

When [J > 1, each factor is run at five levels ([, -1, 0, +1, + [J) instead of the three levels of -1, 0, and +1.
The reason for running the CCD with [ > 1 is to have a rotatable design. However, the factorial portion can
also be a fractional factorial design of resolution. The center values for the variables were carried out at least
six times for the estimation of error, and single runs for each of the other combinations. For full replication of
the test at the center an independent and more uniform estimate of the prediction variance over the entire
design as shown in Table 3 the ranges of factors are considered. For the convenience of recording and
processing the experimental data, the upper and lower levels of the factors are coded as +1.682 and -1.682

respectively. The coded values of any intermediate value can be calculated by using the Equation (3.3).

Xi = 1.682 [2X — (Xmax — Xmin)] / (Xmax — Xmin) (3.3)
Where, Xi is the required coded value of a variable X, and X is any value of the variable from Xmin to Xmax

Xmin is the lower level of the variable.
Xmax is the upper level of the variable.
Xmax is the upper level of the variable.
Design matrix consisting of 20 sets of coded conditions 8 factorial points, 6 corner points and six center points
was chosen in this study [30-34]. Table 4 shows the experimental results and actual results for 20 sets of coded

and actual values.

Table 3
Important factors and their levels
Factors Units Notation Factors levels
-1.682 -1 0 +1 +1.682
\Wheat husk o W 0 6 15 24 30
Rice husk ’ R 0 12 | 30 | 48 60
Corn stalk C 0 5 125 20 25

The experimental data and those were compared with the predicted values of the developed model. The
producer gas energy is assessed with the variable ACE (Ash conversion efficiency). This variable represents
the ratio between the energy content of the producer gas (HHVgas) and the energy content of the initial agro-
biomass. (HHVbiomass) without taking into account the heat input in the reactor:

ACE =100 (Carbon content in the gas x Gas yield) /
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(Ash content in biomass material x Total feed) (@)

At the end of the experiment the 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 biomass
YTar% = [(MTar) / (Mbiomass)] x 100 2

Applying design matrix on experimentation

In the present work, to correlate the working parameters and the quality of the producer gas, a second order
quadratic model was developed. In this study, the Response Surface Methodology provides a quantitative form
of relationship between the desired response (Quality of the Producer gas) and the independent input variables
(Biomass ratio), Wheat husk (W), Rice husk (R), and Saw dust (S), and can be expressed as a function, as in
Equation (3)

Quality of the Producer gas (Q) = f (W, R, S)..... 3)

The mathematical relationship must include the main and interaction effects of all factors by selecting
polynomial expressed as follows:

Y = bo + [bi xi + [1 bii xi2 + [J bij Xi Xj 4)

For three factors, the selected polynomial could be expressed as

Quality of the Producer gas (Q) = {b0 + b1 (W) + b2 (R) + b3 (S) + b1l (W) + b22 (R)

+ b33 (S) + b12 (WR) + b13(WS) + b23 (RS)} (5)

where b0 is the average of responses () and bl, b2, b3... bl1, b12, b13... b22, b23, b33, are the coefficients
that depend on their respective main and interaction factors, which can calculated using the expression given
below,

Bi= (0 (Xi,Yi))/n (6)

Where ‘i’ varies from 1 to n, in which Xi the corresponding coded value of a factor and Yi is is the
corresponding response output value obtained from the experiment and ‘n’ is the total number of biomass feed
considered. All the coefficients were obtained applying CCRD matrix including the Design Expert statistical
software package. By determining the significant coefficients (at higher confidence level), the final
relationship was developed including only these coefficients. The final empirical relationship obtained by the
above procedure to estimate producer gas generation, tar yield and ash content of various biomass feed under

fluidized bed gasification is given below;

Producer Gas Efficiency

Producer Gas = + 72.555 — 2.546*(W) —0.528 *(R) —0.397 (S) —4.305 x 10-3 *(WR)
+9.277x 10-3* (WS) + 9.446x 10-3* (RS)
+0.072* (W?) + 3.208x 10-3 (R?) + 0.053*(S?)

Tar yield efficiency
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Producer Gas = + 14.537 —-0.499 *(W) -0.138 *(R) —-0.163 (S)
~5.342 x 10-4 *(WR) —1.236x10-3 (WS) + 8.975x 104 * (RS)
+0.014* (W?) + 1.384x 10-3 (R?) + 0.015* (S?)

Ash Content Efficiency
Producer Gas =+ 90.192 —-2.759*(W) -0.557*(R) —0.539(S) -5.185x 10-3 *(WR)
+0.0126*(WS) + 0.013*(RS) + 0.078*(W?)
+2.882x 103 (R?) + 0.052*(S?)
To find the main significant and interaction factors by using Analysis of Variance technique. The results of

second order response surface model fitting as Analysis of Variance (ANOVA) are given in the Table 4. The
determination coefficient (r2) indicated the goodness of fit for the model. The Model F-value of (ACE = 5.76,
PGE = 5.88, TYE = 4.66) implies the model is significant. There is only a 0.01% chance that a “Model F-
Value” this large could occur due to noise.

Table 4
ANOVA Test results

Ash _C_ontent Producer Gas Efficiency Tar Yield
Source Efficiency

F value E;\SZISE F value E?ﬂ:ﬁ F value Ig;’\é?)I:Ii
Model 5.76 0.0057 6.24 0.0042 4.27 0.0101
A-Wheat husk 3.23 0.1025 3.39 0.0952 2.11 0.1587
B-Rice husk 7.05 0.0241 7.77 0.0192 3.00 0.1008
C-corn stalk 28.25 0.0003 31.79 0.0002 19.24 0.0009
AB 0.11 0.7515 0.084 0.7775 0.030 0.8601
AC 0.11 0.7471 0.068 0.7997 0.024 0.7844
BC 0.53 0.4833 0.28 0.6071 0.060 0.8044
A2 11.04 0.0077 10.87 0.0080 10.01 0.0077
B2 0.24 0.6376 0.34 0.5743 1.32 0.2358
c2 2.38 0.1537 2.86 0.1218 4.98 0.0228
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Producer Gas Efficiency
Values of “Prob > F” less than 0.0500 indicate model terms are significant. In this case R, S, W are significant

model terms. Values greater than 0.1000 indicate the model terms are not significant. If there are many
insignificant model terms (not counting those required to support hierarchy), model reduction may improve
your model. The “Lack of Fit F-value” of 4.22 implies there is a 7.00% chance that a “Lack of Fit F- value”
this large could occur due to noise. Lack of fi t is bad -- we want the model to fit. This relatively low
probability (<10%) is troubling. The “Pred R-Squared” of 0.0275 is not as close to the “Adj R-Squared” of
0.7128 as one might normally expect; i.e. the difference is more than 0.2 [37]. This may indicate a large block
effect or a possible problem with your model and/or data. Things to consider are model reduction, response
transformation, outliers, etc. All empirical models should be tested by doing confirmation runs.”Adeq
Precision” measures the signal to noise ratio. A ratio greater than 4 is desirable. The present ratio of 7.858

indicates an adequate signal.

Tar yield
Values of “Prob > F” less than 0.0500 indicate model terms are significant. In this case W, R, S are significant

model terms. Values greater than 0.1000 indicate the model terms are not significant. If there are many in
significant model terms (not counting those required to support hierarchy), model reduction may improve your
model. The “Lack of Fit F-value” of 2.62 implies the Lack of Fit is not significant relative to the pure error.
There is a 15.66% chance that a “Lack of Fit F-value” this large could occur due to noise. Non-significant lack
of fit is good -- we want the model to fit. A negative “Pred R-Squared” implies that the overall mean may be a
better predictor of you response than the current model “Adeq Precision” measures the signal to noise ratio

[35]. A ratio greater than 4 is desirable. The present ratio of 6.072 indicates an adequate signal.

Ash Content Efficiency
Values of “Prob > F” less than 0.0500 indicate model terms are significant. In this case R, S, W are significant

model terms. Values greater than 0.1000 indicate the model terms are not significant. If there are many
insignificant model terms (not counting those required to support hierarchy), model reduction may improve
your model. The “Lack of Fit F-value” of 3.12 implies the Lack of Fit is not significant relative to the pure
error. There is 11.89% chance that a “Lack of Fit F-value” this large could occur due to noise. Non-significant
lack of fit is good -- we want the model to fit. The “Pred R-Squared” of 0.0121 is not as close to the “Adj R-
Squared” of 0.6926 as one might normally expect; i.e. the difference is more than 0.2. This may indicate a
large block effect or a possible problem with your model and/or data. Things to consider are model reduction,

response transformation, outliers, etc. All empirical models should be tested by doing confirmation runs.

Page: 31 Paper ID: EDJXL01 02 01 04 https://www.edxjl.com/ijiar



https://www.edxjl.com/ijiar

EDXJL International Journal on Innovations and Advanced Research, Vol. 02, Issue 01, Mar 2023 ISSN: 2583-6773

“Adeq Precision” measures the signal to noise ratio. A ratio greater than 4 is desirable [36]. The present ratio

of 7.484 indicates an adequate signal.
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Result and discussions
Agro industrial waste is a predominant biomass used for the gasification. The influences of addition of rice

husk clearly demonstrated that, because of the thermal instability of carbon, a higher percentage heating value
in a lesser degree of carbon conversion. Generally, increasing the gas efficiency since the heating value of the
produced gas will increase with pressure and temperature [38-42]. It is reported that higher conversion of fuel
during gasification of wheat husk causes an increases in tar yield. However, higher gas yield is reported with
an increase in feed rate in the fuel as a consequence of higher concentration of hydrocarbons. The wheat husk
as a biomass plays a key role in the production of more tar during gasification in comparison with other
feedstock components. In the case of corn stalk due to the low heating value ash carbon conversion efficiency
reported more.

All of this, result indicates a perfect suitability of the regression model. Each of the predicated values
compared with the experimental values shown in the Fig.2. A scatter points of the two variables indicates a
straight line provides a suitable fit to the experimental data. The differences between two responses are termed
as residuals, this shows the measure of the closeness of agreement of the experimental value and the predicted
responses; hence, they provide a measure of the adequacy of the fitted model [43, 44]. The difference in the

experimental and the predicted responses, with dark points, is the residuals. The linear fit approximates the
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experimental data points very well; the sum of squares of residual is all very close as shown in the Table 5.

Some residuals are one important indicator of the adequacy of a regression fit.

Table 5
Experimental Results
Wheat Husk Rice Husk Corn stalk
S Ash Produce | Tar Ash Producer T Ash Produce
: . ar Tar
No | content F gas Yiel content 9as Yield content Fgas Yield
efficiency | efficienc | d(% | efficienc | efficiency (%) efficiency | efficienc (%)
(%) y (%) ) y (%) (%) (%) y (%)
1. 35.89 60.61 3.50 31.29 64.11 4.60 38.99 55.77 5.24
2. 35.60 61.00 3.40 31.00 64.50 4.50 38.76 56.11 5.13
3. 35.30 61.15 3.55 30.70 64.65 4.65 38.46 56.24 5.30
4, 35.46 61.62 2.92 30.86 65.12 4.02 38.77 56.65 4.58
5. 36.62 60.49 2.89 32.02 63.99 3.99 39.79 55.67 4.54
6. 34.78 61.41 3.81 30.18 64.91 4.91 37.94 56.47 5.59
7. 34.88 61.36 3.76 30.28 64.86 4.86 38.04 56.42 5.54
8. 34.70 62.45 2.85 30.10 65.95 3.95 38.13 57.37 4.50
9. 35.72 60.94 3.34 31.12 64.44 4.44 38.88 56.06 5.06
10. 36.98 60.31 2.71 32.38 63.81 3.81 40.15 55.51 4.34
11. 36.30 60.65 3.05 31.70 64.15 4.15 39.46 55.81 4.73
12. 36.38 60.61 3.01 31.78 64.11 4.11 39.55 55.77 4.68
13. 35.54 61.03 3.43 30.94 64.53 4.53 38.70 56.14 5.16
14, 36.10 60.75 3.15 31.50 64.25 4.25 39.27 55.89 4.84
15. 35.70 60.95 3.35 31.10 64.45 4.45 38.86 56.07 5.07
16. 35.04 61.28 3.68 30.44 64.78 4.78 38.21 56.35 5.44
17. 37.58 59.01 3.41 32.98 62.51 4.51 40.48 54.38 5.14
18. 36.24 61.63 2.13 31.64 65.13 3.23 39.66 56.66 3.68
19. 36.22 60.69 3.09 31.62 64.19 4.19 39.39 55.84 4.77
20. 37.28 60.76 1.96 32.68 64.26 3.06 40.62 55.90 3.48
Conclusions

1. The present investigation was focused on the agro industrial biomass such as Wheat husk, Rice husk and
Corn stalk in a pilot scale fluidized bed reactor. To examine the producer gas efficiency, tar yield
efficiency and ash content efficiency.

2. 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 um to investigate
the efficiencies.

3. The empirical relation was developed in order to quantify the gas efficiency of producer gas.
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4. This model gave results with high accuracy showing similar trends in predicting the variation of gas
species concentrations in line with experimental data.

5. It was noticed that the producer gas efficiency more in rice husk.

6. However, ash content efficiency more in the case of corn stalk

7. Tar yield reported high in wheat husk.

8. On comparing the efficiency of the producer gas shows better performance in the rice husk when
comparing the other feed.

References

1. Bridgwater, A.V.: The technical and economic feasibility of biomass gasification for power generation.
Fuel. 74(3), 631-53 (1995).

2. Boateng, A.A., W.P. Walawender, L.T Fan and C.S.Chee : Fluidized bed steam gasification of rice hull.
Bio resource Technology. 40(2), 235-9 (1992).

3. E.C. Beagle, “Rice-husk conversion to energy”, 1978.

4. T.C. Luan and T.C. Chou, “Recovery of silica from the gasification of rice husks/coal in the presence of
a pilot flame in a modified fluidized bed”, Industrial & engineering chemistry research, Vol. 29, No. 9,
Pp. 1922-1927, 1990.

5. Ghaly, A.E., AM. Al-Taweel and Mackay: GDM project report renewable energy division. Canada,
Ottawa, Ontario: Energy Mines and Resources; 1986.

6. Natarajan, A. Nordin and A.N. Rao, “Overview of combustion and gasification of rice husk in fluidized
bed reactors”, Biomass and Bioenergy, Vol. 14, No. 5, Pp. 533-546, 1998.

7. Xu, S., Y. Ren, B.Wang, Y. Xu, L. Chen and Wang and X. Xiao: Development of a novel 2-stage
entrained flow coal dry powder gasifier. Appl. Energy, 113, 318—322 (2014).

8. Corella, J., J. M. Toledo and G.Molina: A. Review on dual fluidized bed biomass gasifier. Ind. Eng.
Chem. Res., 46, 6831-6839 (2007).

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

10. Ahmed, I.1. and A.K. Gupta Kinetics of woodchips char gasification with steam and carbon dioxide.
Appl. Energy, 88, 1613—-1619 (2011).

11. Prabowo, B., K.Umeki, M. Yan, M.R.Nakamura, M.J. Castaldi and K.Yoshikawa : CO2—steam mixture

Page: 35

for direct and indirect gasification of rice straw in a downdraft gasifier: Laboratory-scale experiments
and performance prediction. Appl. Energy, 113, 670—-679 (2014).

Paper ID: EDJXL01 02 01 04 https://www.edxjl.com/ijiar



https://www.edxjl.com/ijiar

EDXJL International Journal on Innovations and Advanced Research, Vol. 02, Issue 01, Mar 2023 ISSN: 2583-6773

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Page: 36

Prega national technical experts. [internet] demonstration of rice rusks fired power plant in an giang
province: a prefeasibility study report. Hanoi, vietnam: vietnam institute of energy. Available at:
http://www.adb.org/clean-energy/documents/vie-pfs-rice-power-plant.pdf; 2004

Sarkar, M., A. Kumar, J.S. Tumuluru, K.N. Patil and D.D. Bellmer: Gasification performance of switch
grass pretreated with torrefaction and densification. Appl. Energy, 127, 194201 (2014).

Pinto F., C. Franco, A.R. Neto, C.Tavares, M. Dias, I. Gulyurtlu and I. Cabrita: Effect of experimental
conditions on cogasification of coal, biomass and plastics wastes with air/steam mixtures in a fluidized
bed system. Fuel, 82, 1967—1976 (2003).

Jones J. M., M.Kubaki, K.Kubica K., A.B. Ross and A.Williams: Devolatilization characteristics of coal
and biomass blends. J. Anal. Appl. Pyrolysis, 74, 502—511 (2005).

Rizkiana, J., G. Guan, W.B.Widayatno, X. Hao X. Li, W. Huang and A. Abudula: Promoting effect of
various biomass ashes on the steam gasification of low-rank coal. Appl. Energy, 133, 282—288 (2014).
Hernandez, J.J., G. Aranda-Almansa and C.Serrano: Co-gasification of biomass wastes and coal—coke
blends in an entrained flow gasifier: An experimental study. Energy Fuels, 24, 2479—-2488 (2010).

Peter, M.K.: Energy production from biomass (part 2): Conversion Technologies. Bioresource
Technology, 83 (1) 47-54 (2002).

Sims, REH: Bioenergy to mitigate for climate change and meet the needs of society, the economy and
the environment. Mitigation and Adoption Strategies for Global Change, 8: 349-370 (2003.).

Lin, C.L., M.L. Wey and S.D. You: The effect of particle size distribution on minimum fluidization
velocity at high temperature. Powder Technol.126, 297-301(2002).

Natarajan, E., A. Nordin and A.N.Rao: Overview of combustion and gasification of rice husk in
fluidized bed reactors. Biomass Bioenergy. 14(5/6), 533-46 (1998).

S.A. Hartiniati and M. Youvial, “Performance of a pilot scale fluidized bed gasifier fueled by rice husks,
pyrolysis and gasification”, Proceedings of the international conference in Luxembourg, Pp. 23-25,
1989.

Bin ZainalAlauddin, Z.A., L. Pooya, M. Mohammadi and A.R. Mohamed: Gasification of
lignocellulosic biomass in fluidized beds for renewable energy development. A review. Renewable and
Sustainable Energy Reviews 14, 2852— 2862 (2010).

Natarajan, A. Nordin and A.N. Rao, “Overview of combustion and gasification of rice husk in fluidized

bed reactors”, Biomass and Bioenergy, Vol. 14, No. 5, Pp. 533-546, 1998.

Paper ID: EDJXL01 02 01 04 https://www.edxjl.com/ijiar



https://www.edxjl.com/ijiar

EDXJL International Journal on Innovations and Advanced Research, Vol. 02, Issue 01, Mar 2023 ISSN: 2583-6773

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page: 37

Simin Shabani, MojtabaAghajani Delavar and Mohammadreza Azmi : Investigation of biomass
gasification hydrogen and electricity co-production with carbon dioxide capture and storage,
international jornal of hydrogen energy 38, 3630-3639 (2013),

Koc, R., N.K. Kazantzis and Y. Hua Ma: A process dynamic modeling and control framework for
performance assessment of Pd/ alloy-based membrane reactors used in hydrogen production. Int J
Hydrogen Energy 36, 4934-51. (2011)

Mathieu, P. and R. Dubuisson: Performance analysis of a biomass gasifier. Energy Convers. Manage.
43, 1291-1299 (2002).

Lin, C.L., M.L. Wey and S.D. You: The effect of particle size distribution on minimum fluidization
velocity at high temperature. Powder Technol. 126 (2002), 297-301.

Drift, A.V., J. Doorn and JW. Vermeulen: Ten residual biomass fuels for circulating fluidized-bed
gasification. Biomass Bioenergy 20, 45-56 (2009).

Luoa, S., B. Xiao, Z. Hua, S. Liua, Y. Guana and L. Caia : Influence of particle size on pyrolysis and
gasification performance of municipal solid waste in a fixed bed reactor. Bioresource
Technology.101(16), 6517-6520 (2010).

Susana Marti'nez-Lera and Jose” TorricoJavier Pallare’s Antonia Gil: Design and fi rst experimental
results of a bubbling fluidized bed for air gasification of plastic waste, J Mater Cycles Waste Manag. 15,
370-380(2013)

Risberg M., Ohrman O.G.W., Gebart B.R., Nilsson P.T., Gudmundsson A. and Sanati M. Influence from
fuel type on the performance of an air-blown cyclone gasifier, Fuel 116, 751-759 (2014).

Mansaray, K.G., A.E. Ghaly, A.M Al-Taweel, F. Hamdullahpur and V. Ugursal: Air gasification of
Corn Stalk in a dual distributor type fluidized bed gasifier. Biomass Bioenergy.17, 315-32 (1999).
Kaupp Albrecht : Gasification of rice hulls. Theory and practices. Deutsches Zentrum Fuer
Entwicklungs Technologien (GATE): Eschborn; (1984).

Schiefelbein, G.F.: Biomass thermal gasification research, recent results — UnitedStates DOE’s research
program. Biomass 19, 145-59 (1989).

Bin Zainal Alauddin Z.A., L. Pooya, M. Mohammadi and A.R. Mohamed: Gasification of
lignocellulosic biomass in fluidized beds for renewable energy development, Renewable and Sustainable
Energy Reviews 14, 28522862 (2010).

Kurkela, E.; P. Stahlberg: Air Gasification of Peat, Wood and Brown Coal in Pressurised Fluidized Bed
Reactor. I. Carbon Conversion, Gas Yield, and Tar Formation. Fuel Process. Technol. 31, 1-21 (1992)

Paper ID: EDJXL01 02 01 04 https://www.edxjl.com/ijiar



https://www.edxjl.com/ijiar

EDXJL International Journal on Innovations and Advanced Research, Vol. 02, Issue 01, Mar 2023 ISSN: 2583-6773

38.

39.

40.

41.

42.

43.

44,

Page: 38

Corella, J., M. P Aznar, J. Delgado, E. Aldea and P. Marti'nez, : Fuel and Useful Gas by Steam
Gasification of Biomass in Fluidized Bed Followed by Tar Cracking Fluidized Bed of Dolomite/
Limestone/ Magnesite. In Biomass for Energy Industry and Environment (6th EC Conference); Grassi,
G., etal., Eds.; Elsevier Applied Science: London, pp 714-721 (1992).

Walawender, W. P., D. Hoveland and L. T. Fan : Steam Gasification of Alpha Cellulose in a Fluid Bed
Reactor. In Fundamentals of Thermochemical Biomass Conversion; Overend, R. P., et al., Eds.; Elsevier
Applied Science: London; pp 897-910 (1985).

Illerup, J. B., K.Dam-Johansen and Lunden, K; High-Temperature Reaction between Sulfur Dioxide and
Limestone- V1. The Infl uence of High Pressure. Chem. Eng. Sci., 48, 2151-2157 (1993).

Mathieu, P. and R.Dubuisson : Performance analysis of a biomass gasifier. Energy Convers.
Manage..Eqivalent ratio & Feed rate. 43, 1291-1299 (2002).

Fermoso, J, B. Arias, M.V. Gil, M.G. Plaza, C. Pevida and JJ Pis :. Cogasification of different rank coals
with biomass and petroleum coke in a high-pressure reactor for H2-rich gas production. Bioresource
Technol 101(9):3230-5 (2010).

Seo, M\W., J.H. Goo, S.D. Kim, S.H. Lee and Y.C. Choi:. Gasifi cation characteristics of coal/biomass
blend in a dual circulating fl uidized bed reactor. Energy Fuel;24:108-18 (2010).

Collot, A.G, Y. Zhuo, D.R. Dugwell and R. Kandiyoti Co-pyrolysis and co-gasification of coal and
biomass in bench scale fixed-bed and fluidised bed reactors. Fuel; 78(6):667-79 (1999).

Paper ID: EDJXL01 02 01 04 https://www.edxjl.com/ijiar



https://www.edxjl.com/ijiar

