International Journal of Agricultural Management and Development
Available online on: www.ijamad.iaurasht.ac.ir

ISSN: 2159-5852 (Print)

ISSN:2159-5860 (Online)

Research Paper

Theoretical and Experimental Study of Potato Shoot
Gasification in Fluidized and Fixed-Bed Gasifier

Mojtaba Javidi Gharacheh®, Mehdi Khojastehpour®, Mohammadali Ebrahimi-Nik?, Wan Azlina Wan Ab Karim Ghani®

Received: 04 August 2017,

bench-scale updraft gasifier was used as a fluidized-
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and fixed-bed gasification unit in three modes (fluidized-
bed at equivalence ratios (ER) =0.2 and 0.25, and a mode in
fixed-bed). The experiments were done in five different
temperatures (650, 700, 750, 800 and 850°¢). To obtain the
required data to develop a thermodynamic equilibrium
model, the proximate and ultimate analysis were carried
out on potato shoot as feedstock. Since the developed model
is a temperature-based model, it gives different outcomes in
different temperatures. The model gave a completely exact
result to predict CH4 in fluidized-bed at ER=0.25. The average
error for the difference between each produced gas in
experiments and the model showed the best result of the
model for CO with the error of just 0.7%. Regarding each
experiment data difference with the model data, the model
was more accurate to be used in fluidized-bed, especially at
ER=0.25 than the other two modes. Moreover, the best
performance of the model was obtained for CO, N2 and COz,
according to the average errors. Since the maximum amount
of high heating value (HHV) and carbon conversion efficiency
Keywords: (CCE) was observed at higher temperatures, it can be
2’::31: : :_ g:;;ﬁ:;ﬁ or contended that the model has better performance at higher
modeling; updraft ' temperatures.
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INTRODUCTION

From global requirements for new sources
of energy, biomass is gaining growing attention,
and it is the most applied renewable source
of energy now in the whole world (Kirkils &
Verbong, 2011). In most industries such as
agriculture, generating and consumption of
energy is of great importance (Ghatrehsamani
etal, 2016). Forestry and agricultural residues,
human, animal as well as industrial wastes
are considered as important sources of bio-
mass. Agricultural wastes are considered as
fundamental problems after harvesting the
main product. Among these residues, the
ones which cannot be restored to the soil are
more bothersome. From another point of
view, these materials could be considered as
a source of energy not a waste (Masmoudi et
al., 2014). In order to achieve environmental
and economic benefits from this source of
energy, efficient and clean ways of using them
are of great importance. Although fossil fuels
have several applicants in human’s current
life, environmentally friendly ways to extract
energy from biomass could be a great substi-
tute (Vaezietal, 2011).

Potato is a really compatible plant that is
produced in more than 140 countries. The
Food and Agriculture Organization of the
United Nations (FAO) reported that the world
production of potatoes in 2014 was about
385 million tons (Faostat, 2016). China, India,
and Russia are the greatest potato producers
in the world (FAO, 2011). However, potato
planting is common in Iran (Khajehpour,
1999). From about 1.19 million hectares of
potato in more than 140 countries of the
world, 330 million tons of potatoes would be
harvested and after wheat, rice and corn, po-
tato is in the fourth rank in the world (World
Potato Atlas, 2015). Despite the fact that it is
one of the major agricultural products in all
over the world, all potato’s stems and leaves
(shoots) are considered as wastes because
of a toxic content named solanine. Owing to
this content, the huge amount of potato shoot
cannot be consumed for animal nutrition and
it cannot be restored to soil so it could be

used as fertilizer. Accordingly, they are thrown
away each year, and farmers remove them
from their farm (Mweetwaa, 2012). Despite
the large amount of fields which are under
the potato planting (around 1.19 million
hectares), the huge amount of side products
of these fields which are the shoots of potatoes
are considered to be useless and waste
(Dokhani, 2003). Potato shoot can be a prom-
ising source of fuel energy. Using these plant
tissues to produce energy will help preserve
a lot of energy.

Different technologies have been offered to
make biomass energy applicable such as com-
posting, burning in waste incineration and
energy recovery, pyrolysis, gasification (con-
version to gas), biogas production, recycling
and reuse of solid wastes (Arnavat, 2011).
From among them, thermochemical conver-
sions received great interest due to various
kinds of energy that could be offered in this
way, such as electricity, liquid, and gaseous
fuels. One method to produce fuels which is
gaining growing attention these years is gasi-
fication (Banapurmath & Tewari, 2009). The
produced gas from gasification can be used
in several ways like as a fuel for gas engines,
gas turbines, and in solid oxide fuel cells
(Aloui & Halouani, 2007). As Xiao et al. (2007)
mentioned that biomass gasification process
can be divided into three main steps: initial
pyrolysis, tar- cracking, and char gasification.
Air gasification has been done on different
kinds of feedstocks like wood sawdust (Cao
et al., 2006), pine wood block (Pengmei et
al., 2007), hazelnut shell (Midilli et al., 2001)
and rice husk (Ghani et al., 2012). The residues
of agricultural crops such as wheat, barley,
rye, oat, maize, rice, canola and sun flower
are considered as high potential bioenergy
feedstock (Monforti et al,, 2013). The results
of study on them showed that the estimated
crop residue resources in EU-27 could provide
fuel for about 850 plants expected to produce
about 1500 PJ/yr (Monforti et al., 2013).

Gasifiers are classified into two main cate-
gories according to reactor design: fluidized-
bed and fixed-bed (Thunman & Leckner,
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2005). Fluidized-bed gasifiers are mostly
used for large scale gasification. In this case,
as the name implies, the biomass is fluidized
in a bed material like sand (Giltrap et al,,
2003). On the other hand, fixed-bed gasifiers
are simple and usually used for small scale
gasification (Babu & Sheth, 2006). Since flu-
idized-bed gasifiers mainly come with high
particle heating rate and uniform product
quality, they are considered as potentially ef-
ficient gasifiers (Xue et al., 2011).

In order to optimize the biomass gasifier
design and performance modeling can be
beneficial. Moreover, modeling would be prof-
itable in financial point of view (Ahmed et
al., 2012). By far in different studies various
models have been proposed as shown in
Table 1.

The equilibrium models are based on ther-
modynamic parameters as well as the chemical
equilibrium of the process. Usually the results
of the gas composition from the model are

Table 1.

not exactly the same with the results of ex-
perimental producer gas. The most important
components of the syngas are Nitrogen (Nz),
Hydrogen (Hz), Carbon monoxide (CO), Carbon
dioxide (COz) and methane (CH4) (Giltrap et
al., 2003). The thermodynamic equilibrium
model is a tested method to simulate fuel
production and can be helpful to manage the
effective factors in gasifier performance. Pre-
diction of the syngas by a validated model
can reduce the cost and time that any re-
searcher would spend to know by experiment.
The objective of this research is to develop a
validated model in order to predict the com-
position of syngas produced by a fluidized
and fixed bed updraft gasifier which is influ-
enced by the feedstock (potato shoot), tem-
perature and the amount of air inlet. Another
purpose of this study is to recognize the best
performance of the model in different modes
of the gasifier.

Summary of the Literature on the Gasification of Agricultural Wastes

Authors Feedstock (Gasifier type) Modeling Main result
Most effective factors on the dynamic be-
Di Blasi, 2000 (downdraft gasifier) Unsteady numerical model havior of the reactor: -Quality of the pro-

forestry residues (two-stage biomass

Xie etal, 2012 gasifier and solid oxide fuel cell system)

Giltrap etal., 2003 (downdraft gasifier)

Wood, paper, paddy husk and
municipal waste (downdraft gasi-
fier)

Zainal et al,, 2001

Roy etal, 2013 Blend of cow dung and wood

(IC engine)
Plis and Wood and oat husk pellets (fixed- Thermodynamic
Wilk, 2011 bed gasifier) rium model

Yanetal,2018  Biomass/coal char blends

Jiang etal., 2017 Coal

Mozafarietal, 2017 Waste tire

Current Study Potato shoot

A multi-physics model

One dimensional model

Equilibrium model

One dimensional model

Kinetic modeling

A modeling tool to explore the
theory of reverse combustion

Thermodynamic
work

Thermodynamic
rium model

ducer gas
-the structure of the reaction front

Electrical efficiency of the system=25%
fuel utilization efficiency=44%

The amount of CH4 was overestimated

increase in moisture—
-nitrogen and methane were almost con-
stant
-hydrogen and carbon dioxide increased
-carbon monoxide decreased
- cow dung cannot be a suitable feed-
stock
-its mixture with woody can be consid-
ered as an applicable feedstock
Equili -the produced gas was completely different
quilib- )

- oat husk is not capable to produce enough
high calorific value syngases
biomass blending ratio affects:
- the particle structure
- composition
hot linkage and abundance of char in place
after reverse combustion linking are of
benefit to underground coal gasification
maximum hydrogen efficiency:
pyrolysis—35.45%
gasification—98.03%

Equilib-

frame-
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METHODOLOGY

The implementation phase

In order to investigate the performance of
a bench-scale gasifier, experiments were done
on the gasifier in two different modes (fixed
and fluidized bed), and a thermodynamic
equilibrium model was developed. It has to
be known in which mode the model would
be able to predict closer results to experimental
data. To use the gasifier as fluidized-bed dried
sand with two different ERs (0.2 and 0.25),
and to obtain fixed-bed dried sand with the
ER equal to 0.2 was employed. Potato shoot
is a toxic agricultural waste which cannot be
restored to the soil. This is the reason it is
used as the feedstock of this study. The potato
shoot samples were pelletized and fed into
the updraft gasifier three times with the feed-
ing rate of 0.116 kg/hour. Feeding was done
three times in order to obtain homogeneous
gas. Gasification was done in five different
temperatures from 650°¢ to 850°¢ with 50°¢

interval. Figure 1 shows a complete view of
the updraft gasifier which is mounted in Uni-
versity Putra Malaysia. The reactor in the
Figure 1 was made of stainless steel with
850mm height. Its internal diameter was
50mm. potato shoot cubes were feed from
the right side of the reactor and the hot pro-
duced gas came out through the left side.
The produced gas losses heat in two steps,
firstly gas goes through a condenser covered
by cold water and secondly goes through a
three-neck bottle which was sank in ice-
water. After reducing the heat, the gas goes
through a piece of cotton, on which the tar
was collected. The gas was led into silica gel
cubes to reduce its moisture content. The
syngas also collected three times and analyzed
to search the gas components. The reactor
was equipped with thermocouples and tem-
perature indicator controller. The reactor was
directly heated by an electrical furnace.

Figure 1. A complete preview of the gasifier reactor and other parts (a) feedstock inlet,
(b) syngas outlet, (c) condenser, (d) reactor, (e) air inlet, (f) silica gel, (g) tar collection

cotton, (h) ice-water

Developing the model

To develop the model, some inputs are re-
quired such as chemical formula and moisture
content of sample, air inlet to the gasifier
and gasification temperature. Proximate and

ultimate analysis on the sample is needed in
order to reach the inputs. The results of prox-
imate and ultimate analysis can be seen in
Table 2.
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According to the results of ultimate analysis
shown in Table 2, percentage of carbon in

Mass number of carbon is 12, so:

chemical formula of potato shoot is 42.2%. (:42.2/12=3.52 (D
Table 2

Proximate and Ultimate Analysis of Potato Shoot

Proximate analysis (%)
Volatile matter 62.7
Fixed carbon 16.3
Ash 15.8
Moisture 5.25
Ultimate analysis

Hydrogen 5.97
Carbon 41.65
Oxygen 48.88
Nitrogen 3.4
Sulfur 0.1

Mass numbers of hydrogen, oxygen, nitrogen
and sulfur are 1, 16, 14 and 128, respectively.
Due to the percentage portion of each element
obtained from the ultimate analysis:

H 6148/1=6.148 (2)
0 46.74/16=2.92 (3)
N  3.611/14=0.26 (4)
S 1.29/128=0.01 (5)

Based on a single atom of carbon, the portion
of each element in chemical formula is calcu-
lated from the equations 6-9:

H 6.148/3.52=1.747 (6)
0 2.92/3.52=0.83 (7)
N  0.26/3.52=0.074 (8)
S 0.01/3.52=0.003 (negligible) (9)

Hence, the chemical formula of potato shoot
would be CH1.747 Oos3 No.o74. Air inlet supplied
by air compressor and its amount calculated
by a rotameter. Gasification temperature is
calculated by a thermometer hanging from
the top of the gasifier into the reduction zone.
After preparing all inputs, global gasification
reaction is utilized to develop the model.

CHxOy N+ mwHz O + X4(02+3.76N:z ) = X1CO + Xz Hz
+X3C02+ X4 H2 0 + X5 CHa+ (z/2+X9 3.76) N:

(10)

Five Xis in the right side of the reaction are
unknowns which have to be calculated to
compare with the amount of gas components
from experimental data in both fluidized and
fixed bed. In the global gasification, CHxOyN.,
mw and X; are chemical formula of typical
woody material, amount of moisture content
and oxygen in each kilo mole of feedstock,
respectively. CHxOyN: for potato shoot was
obtained CH1.747 Oo.s3 No.o74. By thermal gravi-
metric analysis (TGA), the amount of moisture
content (MC) in the sample can be obtained,
therefore referring to the below formula mw

was calculated 1.65 (Zainal et al., 2001).
mw=24MC/18(1-MC) (11)

Regarding CHN analysis of the sample, X,
also can be calculated as below:

1mol

X =mass of the material X

g molecular weight of the material

%0 in the material _ molecular weight of 0
1mel 0

(12)

1 mol material
where, mass of the material as weighed in
the analytical lab of UPM was 0.23g. Molecular
weight of the sample would be:

12+1x1.747+16x0.83+14x0.074= 28.063

And, %0 from ultimate was %46.74. By
substituting these amounts in equation 12,
Xy becomes 0.06. To calculate the five un-
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knowns, five equations are required. Three
mass balance equations for C, H and O in the
global gasification equation, and two equi-
librium constant equations (K: and Kz) were
considered to solve gasification equation. Five
mentioned equations are as below:

Cbalance: Xi1+X3+X5=1 (13)

H balance: 2Xz+2X4+4X5=1.747+2x1.65 (14)

O balance: Xi+2X5+X+= 0.83+1.65+2x0.06 (15)
_ ?I'CH4 _ﬁ

K]_ s (nszz s Xzz (16)

Neop,NH Xz X,

K, = L A — 17

Z NeoNg,0  X1Xa (17)

where, K1 and Kz are obtained from equilibrium
constants of methane formation and shift re-
action:

methane formation: C+2H><CH4
shift reaction: CO+H: 0« COz+H:>

(18)
(19)

K1 and K2 can be obtained by the following
equations (Zainal et al., 2001):

2 - -3
Ink, = T2 1 (—6.567) InT + 7422 +
(20)
2.164x10 TZ 2 0.701x10 g 32541
6 272
Ink, = =724 186 InT +2.7 X 10T + 52+ 18007 (21)

where, T is gasification temperature. By en-
tering all equations in MATLAB and try to
solve them together, just temperature would
be unknown which can be inserted as an
input for each temperature in MATLAB soft-
ware. Now a MATLAB code is ready to solve
equations and find five unknowns due to
each temperature, while in previous models
just one constant temperature as a sample
inserted to the equations and the set of equa-
tions solved by Newton-Raphson method
(Zainal et al.,, 2001). When user inserts the
temperature as the input, the software would
solve the equations and give different answers

492 inwhichnon-imaginary and positive answers

are acceptable. The temperature measured
via a thermocouple hanging through the re-
actor from the head of the reactor to the re-
duction zone. After receiving the results for
unknowns from MATLAB and substituting
them into the gasification global reaction the
model was developed.

Validating the model

The results of experiments on the percentage
of syngas components were obtained from
the analytical lab at UPM. The amount of high
calorific value gases and effective in the model
are collected and other components such as
02, C2Hz and etc. neglected, since they are not
considered in the global gasification reaction.
After finishing the experiments and developing
the model, the experiments results were com-
pared with the results of model in order to
investigate the validity of the model. The re-
sults of experiments in each mode was com-
pared with the model in related temperatures
separately to know in which mode and tem-
perature the model performs better than
other conditions. The results of the model
and experiments were compared in different
ways to assure about the validity of the model
which are discussed completely in next sec-
tion.

RESULTS AND DISCUSSION

Evaluation of model performance
Figure 2 compares each gas portion in pro-
duced gas in the experimental results in dif-
ferent modes with predicted results of model
at 650°C. For H2 model over predicted in com-
parison with other modes. Although, in this
case the model’s error for the three modes
was not negligible, in fixed bed gasifier it
was more than the others. The amount of N:
in the produced gas in all modes and in the
model was more than all other components.
Comparing the results of all experimental
data with the model showed that the amount
of this component was more than what model
predicted. The results of the model to predict
the amount of CO and CHs+ were more than
experiments in all cases. The best model per-
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formance in this case was for fluidized-bed
at ER=0.2 with the error of 7%. ER can affect
the gasification process. Increasing ER in-
creases the air into the reactor which leads

to rise in gasification temperature, so it can
accelerate the gasification process (Lv et al.,
2004).

60
50 +~

BER=02

40 -

Vol%

ER=0.23

30 -

B predicted data

20

mfix ed-bhed

10 -

H2 co

Gases

CH4 co2

Figure 2. Comparison of experimental data in different modes with predicted data at 650°C

Figure 3 demonstrates the differences be-
tween experimental and model results for
different modes of at 700°¢. The model over-
estimated the amount of all gas components
except for N: for all modes. The most exact
results for Hz and CO from model were for

fluidized-bed at ER=0.2. The least error for
fluidized-bed under this circumstance was
for N2 and CO2 but in fixed-bed the model
was more trustful to predict CH4 than other

syngases in contrary with the results of Simone
etal. (2013).

60 4

50
40 ¢

Vol%

RER=02
EE=0.25

u predicted data

B fixed bed

H2 N2 cCo

Gases

CH4 co2

Figure 3. Comparison of experimental data in different modes with predicted data at 700°¢
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For fluidized-bed at ER=0.25 and 750°¢, the
model gives more accurate results for CO,
COz and Nz, with the errors of just 6%, 12%
and 17%, respectively. The most reliable
results for CO were obtained from the model
at ER=0.2 and fixed-bed for 750°.To predict
CO under this condition for ER=0.2 small

amount of underestimation and for fixed-bed
a little overestimation was observed with the
error of 7%. As shown in Figure 4, the model
over predicts the amount of CH4 in comparison
with other modes. In this case the model’s
result was closer to fixed-bed result.

80

"

BER=02

ER=0.23

B predicted data
mfizedbed

H2 N2 co

(Gases

CH4 co2

Figure 4. Comparison of experimental data in different modes with predicted data at 750°C

The comparison between experimental and
model results at 8000C can be seen in Figure
5. The model estimates the amount of H:
more than actual ones in all modes, anyway,
the results of fluidized-bed at ER=0.25 in
comparison with the other two modes were
closer to the model. In contrary with Hz and
CO, the predicted amounts of N2 and CO:

were low in comparison with experimental
results. For N2 and CO:z the model predicts
closer results to experiment in fixed-bed with
errors of 6 and 11%, respectively. To predict
CH4, the model gave the most accurate results
for fluidized-bed at ER=0.2 in which the error
was 15%.

80

70 7

60 -

30 A

EMEE=02

Vol %

ER=0.25

Bpredicted data

20 -
10+~

mfixed bed

H2 N2 co

Gases

CH4 co2

Figure 5. Comparison of experimental data in different modes with predicted data at 800°¢
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Unlike for CO:, the model predicts the
amount of Hz more than all experimental
modes at 850°¢. Comparing all related results
of experiments, the closest result to predicted
data at 850°¢ was for fluidized-bed at
ER= 0.25 with the error of 15%. As shown in
figure 6 the model doesn’t seem valid enough
to predict Hz in fixed-bed because of high
amount of error. Totally at 850°¢, the model’s
results were close enough to experimental
results to be considered as a valid model for
this situation except for CO2. As Xie et al.
(2012) implied the amount of CO: increases
by increasing ER. This result is in compliance
with the result of the current study (Xie et
al.,, 2012). The least error for fluidized-bed
was at ER=0.25 with the error equal to 0 and
for fixed-bed the error was 9%. When ER
increased from 0.15 to 0.25 in the study done
by Doranehgard etal. (2017), syngas and hy-

drogen yield had an increasing trend, rising
from 2.1 to 2.45 Nm3/kg biomass and 37-41
g/kg biomass respectively. In this case, the
results of the mentioned research are in
agreement with the results of the current
study. In the second stage, ER ascended from
0.25 to 0.3, where the hydrogen yield de-
creased, it is not in compliance with the
results obtained from gasification of potato
shoot (Doranehgard et al.,, 2017). In contrast
to the mentioned results in the current study,
an increase in the ER decreased fuel gases
and Lower Heating Value (LHV) in the research
done by Monteiro et al. (Monteiro et al., 2017).
In the study done by Sales et al. the ER was
calculated using mass balance. They reported
an optimum ER of less than 0.412, which
confirmed the ERs used in the current study
(Sales etal., 2017).

mER=102
ER=0.25

H predicted data

Bfixed bed

Gases

CH4 co2

Figure 6. Comparison of experimental data in different modes with predicted data at 850°¢

Figure 7 shows the differences between av-
erage experimental and model results in dif-
ferent modes and statistical point of view
that LSD method was employed. For Hz, the
results obtained from the model and experi-
mental data at ER=0.25 were the same and
there were no significant difference between
them, unlike for ER=0.2 and fixed-bed. Similar

to Hz, the difference between predicted and
experimental results for N2 at ER=0.25 was
not significant and could be considered reli-
able. The difference between the predicted
and experimental results at both ERs was
negligible for CO and CO2. Therefore, in statistic
point of view, the model is valid to predict
these product gases for all modes. According
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to this analysis exactly like Nz, for CHs also
the model results has no significant difference
with experiment results at ER=0.25 and fixed-

bed but different from experiment results at
ER=0.2.

=]
=
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=
L
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=
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N2 Co

Swvngas
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Figure 7. Comparing the average percentages of produced gases at different experimental modes with

predicted data

As can be seen in all temperatures, similar
to the results of Zainal et al. (2001) the
amount of N2 was more than all other gas
components. Generally, the least error for
fluidized-bed at ER= 0.2 and ER= 0.25, and
fixed-bed was observed for COz at 650°¢, CH4
at 850°¢ and Nz at 800°¢, respectively. The re-
lated errors were 7, 0 and 6%, respectively.
Considering the average error for each mode,
for fluidized bed at ER=0.2 the best results
obtained for COz with the average error of
16%, following by N2 and CO with errors of
somehow more than 20%. On average,
ER=0.25 showed better results than ER=0.2
with the average errors of 0.7% for CO and
9% for Nz. In this case COz was at the third
rank with the error of 20%. For fixed-bed,
the model’s closest result was for Nz with
14% error, CO and COz were at the next steps.
Since the better results in all modes observed
for CO, COz and N2, similar to what Simone et
al. reported in their study, according to average
errors the model is more trustful to predict
these three mentioned components (CO, CO:
and N:) than the other two (Hz and CH4) (Si-
mone et al.,, 2013). In total, to predict Nz the
best performance of the model observed for

fluidized-bed at ER=0.25, then for fixed-bed
and fluidized-bed at ER=0.2 was at the last
rank. To predict CO the best results of the
model obtained for fluidized-bed at ER=0.25.
In this case, fluidized-bed at ER=0.2 and fixed-
bed were at the next steps, respectively. The
closest results of the model to predict CO:
was shown for experimental data of fluidized-
bed at ER=0.2. Similar to the results of pre-
dicting CO, to predict CO: also fixed-bed was
the least accurate data for the model.

By comparing the results of all experimental
data with the results of the model separately,
the most accurate result was obtained to pre-
dict CH4 in fluidized-bed at ER=0.25 in which
the result of model was exactly the same as
the results of the experiment. By considering
the average errors, the best result of the
model was for CO with the error of just 0.7%.
In sum, the model is most trustful to be used
in fluidized-bed especially at ER=0.25. Fur-
thermore, according to the average errors
the best performance of the model was ob-
tained for N2, CO and COq, therefore, it is not
recommended to be used to estimate the
amount of H2 and CH4 specially for fluidized-
bed at ER=0.2 and fixed-bed.
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Effect of temperature on HHV and CCE

At ER=0.2 the produced gas reached to its
maximum high heating value (HHV) at 850°C
equal to 3.02 MJ/Nm3. HHV can be calculated
by the following equation (Xiao et al. 2007):

HHV= (CO% x3018+ H2% x3052+CHs%
x9500)(0.01x4.1868)(K]/Nm? ) (22)

where, C0%, H2% and CH4% are the volumetric
composition of the syngas produced, respec-
tively. As table 3 illustrates, increasing tem-
perature of the gasifier increased the amount
of HHV. In typical biomass gasification process,
when temperature increases, the Hzand CO
will increase due to gasification reactions
that occur simultaneously during the process,
thus, this causes increase in HHV as the H:
and CO are the major role in the equation
(Xiao et al.,, 2007). Regarding equation 22,
the portion of CO, Hz and CHs, are the most
effective components of produced gas on
HHV. According to the experiments’ results
at 650°C, the portion of CO, Hz and CH4 were
more at ER=0.25 in comparison with other
modes, therefore, HHV in this mode was the
most. As Table 3 demonstrates, increase in
ER leads to increase in HHV in all temperatures.
By increase in temperature more than 750°C,
the amount of CHs4 and CO and consequently
HHV was more in fixed-bed than the other
modes. It would be interesting to be noted
that even in higher temperatures Hz had
higher amounts at ER=0.25 than the others.
The tar and light hydrocarbons were not con-
sidered in the presented model, which leads
to overestimation of HHV. The portion of char,
oil and tar were 18.7%, 3.4% and 0.4%, re-
spectively. Carbon Conversion Efficiency (CCE)
showed a maximum value, 81.32% at the
temperature 850°C which was calculated as
below (Hernandez et al., 2010):
CCE=1- Ma/M» x100% (23)
where, Ma is total mass of biomass after ex-
periment and Mb is total mass of biomass
before experiment. Increase in temperature

also leads to increase in CCE in this study.
Higher temperature increases the carbon con-
version because of improving the gasification
process (Xie et al. 2012). Additionally, when
temperature increases, the CCE will also in-
crease as high temperature provides high de-
gree of combustion which converts most of
the organic matter of biomass to syngas (Lv
et al., 2004).

In compliance with ER=0.2 at ER=0.25 and
fixed-bed the highest HHV was observed at
850°C. At ER= 0.25 also an increasing rate
was seen for HHV by increasing temperature
with 17%, 5.7% and 0.6% char, oil and tar,
respectively. At ER=0.25 and 850°C, HHV was
7.39 MJ/Nm3 which is the highest HHV in all
modes. In contrary with ER=0.2, table 3 shows
the highest amount of CCE for ER=0.25 at
650°C but similar to the results of ER=0.2 for
other temperatures increase in temperature
leads to increasing CCE. Comparing the results
shown in Table 3 indicates that HHV and CCE
increase with increase in ER in all tempera-
tures. As can be seen in Table 3 an increasing
trend is observed in HHV and CCE by increase
in temperature in fixed-bed similar to other
modes. What's more, in fixed mode the amount
of HHV and CCE was less than the related re-
sults for all temperatures in fluidized-bed in
both ERs.

CONCLUSION

A thermodynamic equilibrium model was
developed and solved to predict the gas com-
position of potato shoot gasification. Proximate
and ultimate analysis should be done in order
to have the required data to develop the
model. According to these results, chemical
formula of potato shoot as the feedstock of
current study, and oxygen in each kilo mole
of feedstock were CH1.747 Q083 No.o74 and 0.06,
respectively. Moisture content also obtained
from TGA analysis which is needed to calculate
the amount of mw. A bench-scale updraft
gasifier also applied to achieve the real data
from the experiments in order to validate
the model’s data under different considered
conditions. The conditions considered in these
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Table 3
Effect of Temperature on HHV and CCE
Temperature 650 700 750 800 850
ER=0.2 1.99 2.12 2.53 2.6 3.02
ER=0.25 3.47 2.24 3.4 442 7.39
HHV(M]/Nm?)
Fixed-bed 1.83 1.94 2.13 2.38 2.78
Predicted 6.53 3.75 8.4 4.96 7.02
ER=0.2 79.72 78.92 79.44 81.32
CCE (%) ER=0.25 83.04 77.68 79.96 81.88 82.96
Fixed-bed 78.6 78.81 78.89 79.23 80.11
experiments were five different temperatures ACKNOWLEDGEMENTS

in three different ERs. Generally, the model
results reach to a good agreement with ex-
periment especially for fluidized-bed gasifier
at ER= 0.25. The model results were close
enough to experimental results to be consid-
ered as a valid model in all modes specifically
to estimate the amount of N2, CO and CO..
Mainly the model was observed to have higher
amount of error in lower temperatures; how-
ever, the amount of error was not huge enough
in lower temperature to make model be con-
sidered as invalid under these conditions.

The average error for the difference between
each produced gas in experiments and the
model showed the best result of the model
for CO with the error of just 0.7%. Briefly,
the developed model can predict the per-
formance of an updraft gasifier with satisfac-
tory agreement with experimental data in all
modes. According to the results of HHV and
CCE, performance of the gasifier is mainly
better in fluidized-bed than fixed-bed espe-
cially at ER=0.25. It can lead to this conclusion
that at higher temperatures the gasifier per-
forms with higher efficiency, as HHV and CCE
have an increasing trend by temperature. By
considering the potential of potato shoot to
produce high calorific value gases such as Hz,
CO and CHs, which was observed in the ex-
periments of this study, this agricultural
residue can be mentioned as a source of
energy not waste.
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