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Abstract

Gasification system performance generally depends on feed moisture
content, activity of bed material, gasifier and combustor temperatures,
and scrubber media. The tar concentration and gas composition of
product gas are two indicators of the gasification system performance. In
this research, the effects of gasifier temperature and the activity of bed
material on the tar concentration and gas composition of the product gas
produced from a dual fluidized bed (DFB) gasification system power
plant were investigated. The DFB gasification system power plant is
located in Nong Bua district, Nakhon Sawan province, Thailand. Two
periods of gasification operation were examined. These two periods were
when the olivine was freshy activated and then after a period of operation.
The gasifier temperature had several peaks during the operation, which
caused the product gas composition to fluctuate. When the olivine had
been used for a period, the percentage of hydrogen was approximately
3% higher than when the olivine had been freshly activated, and a lower
heating value was observed, which was probably due to lower heating
value of hydrogen. The tar concentration was substantially lower when
compared with the freshly activated olivine. When the olivine was used
for a period, the average tar concentration was 56+22 mg/Nm? (this is
after 95 h continuous operating time) while the average tar concentration
of the freshly activate olivine was 872+125 mg/Nm® (which was after
34.5 h continuous operating time). It was concluded that the average tar
concentration and gas composition were influenced by the activity of the
bed material and the gasification temperature
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1. Introduction

As the energy demand of the world is growing, carbon-neutral energy from biomass is considered
as an attractive energy source. Biomass comes from living organisms; therefore, it is not only a
carbon-neutral energy but also can be grown or raised. Thailand is considered as one of the important
agricultural countries because more than half of the population are agriculturists [1]. Agricultural
residue generation was estimated to be more than 130 million tons per year, of which approximately
60 million tons was consumed for energy production [2]. The remaining agricultural residue, which
is equivalent to 4,000 MW electrical output, should be utilized.

Agricultural residues can be converted into energy via gasification technology.
Gasification is a thermo-chemical conversion of organic matter at elevated temperature into a
combustible gas. This combustible gas or product gas is primarily a mixture of hydrogen, carbon
monoxide, carbon dioxide, methane, and other combustible gases (C.Hx, C3;Hx, C4sHx) and
compounds (char), and incombustible products (ash) [3, 4]. The lower heating value (LHV) of the
product gas is generally between 4 and 20 MJ/Nm? and depends on the product gas composition.
The product gas composition is influenced by various factors including the gasification agent. Air,
pure oxygen, carbon dioxide, or steam or mixture of these gases can be used as the gasification agent
[5, 6]. With steam as the gasification agent, the product gas is free of nitrogen and has a higher LHV
that can be in the range of 10-18 MJ/Nm? [6].

Dual fluidized bed (DFB) gasification technology uses steam as the gasification agent [7].
There are two fluidized bed reactors in a DFB gasification system. One is the bubbling bed gasifier
in which steam is the fluidizer and gasification agent. The other is the fast fluidized bed combustor
in which air is the fluidizer and combustion agent. Both reactors are separated reactors but are
connected with a loop seal and a chute [7]. The bed material is circulated between the gasifier and
the combustor and functions as the heating media. The DFB gasification system was first invented
and developed at the Vienna University of Technology (VUT) by a group led by Professor Hofbauer
and Professor Rauch [7-9]. The technology has been successfully demonstrated on a commercial
scale in Austria, with the first plants being set up in Gussing in 2001, followed by Oberwart in 2008,
at 8 MWy, and 10 MWy, respectively. In 2011, a 15 MWy, DFB gasification plant was operated in
Villach, Austria, followed by a 15 MWy, plant in Senden, Germany, and a 32 MWy, plant in
Gothenburg, Sweden [6, 9-13]. In 2017, a 3.8 MWy, prototype of a DFB gasification system was
built and commissioned in Thailand. This plant can handle various feedstocks including woodchips
and cassava rhizomes [8, 14].

Parameters that affect the product gas composition include gasification temperature and
pressure, steam to biomass ratio, residence time, feedstock type and moisture contents as well as
bed materials and height [15, 16]. These parameters not only affect the product gas composition but
also the tar content [15, 16]. Product gas composition affects the heating value of the gas while tar
can cause blockage in downstream pipes and equipment. It was reported that when the gasification
temperature was increased from 790°C to 900°C, the hydrogen and carbon monoxide contents
increased while the carbon dioxide and methane contents decreased [17]. Temperature changes also
affect the composition of tar, which can vary in composition from highly oxygenated to high
molecular tar or polyaromatic hydrocarbons [4]. Tar was reported to be reduced with increased
gasification temperature and pressure [4, 18, 19]. Nevertheless, the maximum gasification
temperature at which this type of plant can be operated is limited by the ash melting point, which
relates to the biomass ash and the bed materials [20]. Tar can be removed from the product gas via
primary and secondary methods [21]. The use of active bed material was reported as a typical
primary method for the reduction of tar content in the product gas [22, 23]. The use of scrubber is
considered as a secondary method for the tar reduction, which is influenced by the temperature and
types of scrubbing media [24].



In this research, the influence of gasifier temperature and bed material activity on the
product gas composition and tar concentration produced from the 1 MW prototype dual fluidized
bed gasifier in Thailand are investigated. Two periods of operation will be compared. One after the
bed material was freshly activated (hereinafter referred to as “operation period 2017””) and the other
after the bed materials was used for over a period of time (hereinafter referred to as “operation period
2018”).

2. Materials and Methods
2.1 DFB gasifier and its principle

The dual fluidized bed (DFB) gasifier comprises two separated reactors, as shown in the schematic
diagram (Figure 1) [11]. One is the fast fluidized bed (FFB) combustion reactor, in which air is used
to fluidize the bed materials, which are the heating media, in the reactor. The other is the bubbling
fluidized bed (BFB) gasification reactor, in which steam is used to fluidize the bed material and
feedstock. This is where the gasification reactions occur and the product gas is obtained from this
reactor. Both reactors are separate structures but are connected via a loop seal where the bed material
is transferred from the combustor to supply the heat for the endothermic reactions inside the gasifier,
and a chute where the residual biomass char from the gasifier is transferred with the bed materials
to the combustor. Biomass char adds energy to the combustor, and hence the overall DFB
gasification system. In addition, the loop seal and the chute can effectively prevent the gas crossflow
between the two reactors even with high bed material and biomass char circulation rate [10, 25].
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Figure 1. Schematic diagram of a DFB gasifier [11]

The operating temperatures of the combustor and gasifier are approximately 920°C and
820°C, respectively [8]. The operating temperature of both combustor and gasifier is influenced by
the endothermic energy requirement for the gasification reactions, energy supplied to the combustor
from char and supplementary fuel, and the bed circulation rate. The operating temperature of the
gasifier can be self-stabilizing, and this depends on the amount of char and heat supplied from the
combustor from char [26].



2.2 Nong Bua DFB gasification system

2.2.1 Overview of the Nong Bua gasification system

The 3.8 MWy, input Nong Bua DFB gasification system (hereinafter referred to as “Nong Bua
Plant”) is located at Nong Bua district, Nakhon Sawan province, Thailand. The gasification system
is similar to the DFB gasification system. The gasifier is operated at about 820°C and the combustor
is operated at about 920°C [8, 14]. The overall process of the Nong Bua plant is shown in Figure 2.

The product gas produced from the gasifier is first cooled by a heat exchanger and
afterwards by a quench. The first gas cooler reduces the product gas temperature from about 820°C
to 280°C. The second quench reduces the product gas temperature further to around 150-220°C
through the mixing with the return flow of the cold and clean product gas after the scrubber. The
cooled product gas then flows through the product gas bag filter where almost all particulates, which
are mainly char, ash and fine bed material, are removed and recycled to the combustor. Before the
product gas enters the gas engine to produce electricity, the product gas passes through the scrubbing
system to remove all tars using biodiesel as the scrubbing media. The product gas temperature is
reduced to about 40°C from the scrubbing system and compressed to 300 mbar as required for the
gas engine [8].

The Nong Bua Plant was commissioned in April 2017. In this study, the operation periods
of the Nong Bua Plant are in December 2017, right after the commissioning with freshly activated
bed materials, and approximately a year after that in November 2018, when the Nong Bua Plant was
in steady state operation with the bed materials that had been used over a period of time. The general
operating conditions of the Nong Bua Plant are outlined in Table 1.

2.2.2 Feedstock

Local Thai woodchips with approximately 40% moisture content before drying was used. The local
Thai woodchips, which were mainly softwood chips with a particle cross-section length in the range
of 0.5-10 cm, were dried to about 15-20% moisture content before being fed into the gasifier. The
proximate and ultimate analysis of woodchips were analyzed by SGS (Thailand) Limited. The
results are summarized in Table 2.

2.2.3 Bed material

The bed material used was calcined olivine. The calcined olivine mainly consisted of iron and
magnesium orthosilicate (Mg, Fe),SiOs).

2.2.4 Gasifier temperature measurement

After the start-up process of about 24 h, the biomass was first fed into the gasifier. This occurred
when the system reached the steady-state condition in which the gasifier and combustor
temperatures were in the range of 800-860 °C and 870-920°C, respectively. The gasifier temperature
was measured at the top (free-board temperature), middle (middle-height column temperature) and
bottom (in-bed temperature) of the gasifier.

2.2 Tar sampling and analysis

Tar in the product gas produced from the Nong Bua Plant was sampled for gravimetric tar analysis
after it passed through the scrubbing system. The tar sampling and analysis were done based on
the European Standard CEN/TS 15439: 2006 “Biomass gasification — Tar and particles in product
gases — Sampling and analysis”.
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Figure 2. Schematic diagram of the DFB gasification power plant in Nong Bua district, Nakhon Sawan province, Thailand [8]. The red and
green lines are hot water and cold water, respectively. The yellow, black and blue lines are product gas, flue gas and compressed air,
respectively.



Table 1. Operating conditions at Nong Bua Plant

Fuel feed input (kW) 3,800

Bed material type Calcined olivine
Bed material particle size (um) 300-800

Bed material particle density (kg/m?) 2,800-2,900
BFB reactor temperature varied along the height (°C) 800-860

FFB reactor temperature varied along the height (°C) 870-920

Steam to fuel ratio (kg/kgary) 0.5

Table 2. Proximate and ultimate analysis of wood

Analysis (Wt%) Method Woodchips
Proxima}te analy.SiS Moisture EN 14774-1 38.74
(as received basis) Ash EN 14775 139
Volatile matter EN 15148 49.13
Fixed carbon By calculation 10.74
Ultimate analysis C EN 15104 49.64
(dry and ash free, daf) H EN 15104 508
N EN 15104 0.47
S EN 15289 0.08
o EN 15104 43.83
Lower heating value EN 14918 9.89

(MJkg)

The tar sampling port is shown in Figure 3. The product gas taken was passed through the
trace heater before passing into at least four impinger bottles placed in a water bath at the
temperature of 0-3°C. The trace heater prevents the tar condensation in the sampling line. Its
temperature was controlled at 200°C, which is higher than the tar and water dew point, to avoid tar
and water vapor condensation. The impinger bottles were filled with approximately 200 ml of
solvent grade toluene per bottle. These impinger bottles condense and dissolve the tar for further
gravimetric tar analysis. The last impinger bottle is empty and acts as cold trapping to directly
condense the liquid in case of overflow. In addition, the last impinger bottle is connected to an ABB
flow meter and a diaphragm pump to control the flow rate of the product gas. The flow meter was
calibrated for this particular product gas composition.

The dissolved tar in toluene of all impinger bottles were then analyzed for gravimetric tar
using the procedure developed by the research group at the College of Advanced Manufacturing
Innovation, King Mongkut's Institute of Technology Ladkrabang (KMITL) Thailand, and Gussing
Renewable Energy (Thailand) company with support from Professor Rauch, Karlsruhe Institute of
Technology, Germany. More detail is described by Hongrapipat et al. [8].
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Figure 3. Schematic diagram of tar sampling port setup [8]
2.3 Product gas composition measurement and determination

The cleaned product gas, after being cooled down and scrubbed for tar, was automatically measured
by the online ABB gas analyzer. The measured value presented and stored in the SCADA system
were for carbon dioxide (CO,), carbon monoxide (CO), methane (CH4) and oxygen (O,). Other
gases including N, and CHy (C,H4, C,Hg, C3Hg) were estimated from previous manual product gas
analyses to be 8 vol.%. The hydrogen composition was determined by calculation.

2.4 Bed material characterization

Bed materials were collected from the bottom of the gasifier of the Nong Bua Plant after both
gasifier and combustor were cooled down during shutdown. The collected bed materials were cross-
sectioned and analyzed for elemental composition and mapping using a Carl Zeiss EVO MA10
energy dispersive spectroscopy (EDS).

2.5 Operation period

There were two operation periods in this study, operation period 2017 and operation period 2018.

The operation period 2017 was when the Nong Bua Plant was operating in December 2017.
This was when the calcined olivine used was purchased from China instead of imported from Austria
and had been just activated [27]. The activation of calcined olivine was performed by the addition
of biomass ash (40% CaO), calcium hydroxide (Ca(OH),) and dolomite (CaCO3-MgCQ3) into the
gasifier column during the operation.

The operation period 2018 was when the Nong Bua Plant was operating in November 2018.
This was when the Nong Bua Plant was operating steadily using Chinese olivine, biomass ash,
calcium hydroxide and dolomite.



3. Results and Discussion

3.1 Bed material characterization

The elemental composition of cross-section of the bed material collected at the bottom of the gasifier
during the operation periods 2017 and 2018 are summarized in Table 3. Compositional mapping of
both periods is illustrated in Figure 4. The major components detected were magnesium, silicon,
calcium, and iron. Trace amounts of phosphorus and potassium were also detected. Magnesium,
silicon, and iron were observed because as mentioned before the bed material mainly consists of
iron and magnesium orthosilicate (Mg, Fe),Si04). Calcium came from the additives such as calcium

hydroxide (Ca(OH),), biomass ash (40% CaO) and dolomite (CaCO3-MgCOs3) [27].

Table 3. EDS analysis in atomic percentage (at %) of the cross-section of the bed material collected

from the gasifier during the operation periods 2017 and 2018

Component Operation Period 2017 Operation Period 2018
Mg 40.33 39.66
Si 35.86 35.60
P 0.48 0.59
2.60 431
Ca 8.78 13.53
Fe 11.95 6.31

Electron Image 1 Electron Image 1

Figure 4. EDS compositional mapping of the cross-section of the bed material collected from
the gasifier during the operation periods 2017 (left) and 2018 (right). The red color shows the

calcium layer.



The amount of calcium and potassium in the bed material collected from the operation
period 2018 is higher than that in the bed material collected from the operation period 2017. The
lower amount of calcium is because calcium from additives needs time for solid-solid reaction and
incorporation into the bed material [28-30]. The amount of magnesium and iron in the bed material
collected from the operation period 2018 is lower than that in the bed material collected from the
operation period 2017. The lower amount of magnesium and iron was from the substitution of
calcium for these two elements [27-29, 31, 32].

3.2 Gasification temperature

The gasifier temperatures of both periods studied, 2017 and 2018, are shown in Figures 5 and 6.
After the system had reached a steady-state, the gasifier temperatures of the periods 2017 and 2018

were 800-860°C and 790-870°C, respectively. The stable and normal operation time before shutting
down in 2017 was 34.5 h and it was 95 h in 2018.
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The gasifier temperature was in the range of 800-860°C. Minor fluctuations were due to
noise of measurement. The free-board temperature of the gasifier during the period 2018 was 10°C
lower than it was in the period 2017 while the in-bed temperature of the gasifier of the period 2018
was 10°C higher than the period 2017. The gasifier temperature and operation period influence the
product gas composition and tar content [4, 18-19]. However, the impact of the gasifier temperature
is not as obvious as that of the active bed materials [33]. The product gas composition and tar content
will be further discussed in the next section.

3.3 Product gas composition and tar concentration in the product gas

The product gas composition and calculated LHV of both operation periods and the design values
are summarized in Table 4. The gas composition and the calculated LHV during each operation
period are illustrated in Figures 7 and 8.

Considering the gas component during the operation period 2017, hydrogen was on the
maximum threshold of the design value of 40 vol.%. Other gas components were in the range of the
design value. The LHV was close to the design value of 13 MJ/Nm?. For the gas components during
the operation period 2018, hydrogen was the only gas component that was over the design value.
Most of other gas components, except for carbon dioxide, were under the design value. When
comparing the operation periods 2017 and 2018, hydrogen and carbon dioxide produced from the
operation period 2018 were higher than those produced during the operation period 2017. However,
the carbon monoxide and methane concentrations, and LHV of the operation period 2018 were lower
than those of the operation period 2017. The average tar concentration in the product gas during the
operation periods 2017 and 2018 were 872 + 125 mg/Nm?® and 56 + 22 mg/Nm?, respectively.

It was reported by Siriwongrungson et al. [27] regarding the average tar concentration in
the operation period 2017 that further improvement was required to reduce the tar concentration in
the product gas. The different operating parameters between the two operation periods were the
activity of the bed material and the gasifier temperature. With the operating parameters in the
operation period 2018, the gasification ran for the longer time (95 h) than the operation period 2017
(34.5 h).

Table 4. Average gas composition, LHV and tar concentration measured during the operation period
2017 and 2018 and the design values

Gas component /LHV Design values Period 2017 Period 2018
H; (vol.%) 3740 40.9+£2.2 442 £2.1
CO (vol.%) 21-24 22.8%+1.2 19.6£1.6
CO; (vol.%) 19-23 194 +1.5 21.0x+1.3
CHs4 (vol.%) 9-10 9.0£0.5 7.2+0.7
LHV (MJ/Nm?) 13 12.7+£0.2 12.0£0.3

Average Tar (mg/Nm?®) 50 872+ 125 56 +22
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Biomass ash, calcium hydroxide and dolomite were added to the olivine during the
operation periods 2017 and 2018 to increase activity of the bed material for better plant performance
[27, 34]. As mentioned before, calcium, which influences the tar reduction, requires time to interact
and be incorporated into the bed material. As shown in Table 3 and Figure 4, the amount of calcium
in the bed material collected at the bottom of the gasifier during the operation period 2018 was
higher than that collected during the operation period 2017. Therefore, average tar concentration
during the operation period 2018 was lower than that for the operation period 2017 [10, 29, 35]. The
effect of bed material activity combined with the gasifier temperature of the operation period 2018
resulted in higher average hydrogen and carbon dioxide concentrations with lower average carbon
monoxide and methane concentrations compared to operation period 2017. This implied that the
water-gas shift and steam-methane-reforming reactions occurred in the gasifier [6, 10, 27].



Considering the LHV, the LHV during the operation period 2018 was lower than it was during the
operation period 2017. The LHV of the product gas is related to the LHV value of each gas and its
composition in vol.% [15]. The lower the LHV of the product gas in the operation period 2018 was
due to the higher hydrogen content but lower methane content.

4. Conclusions

Operating parameters of the DFB gasifier, specifically gasifier temperature and activity of bed
material, of the Nong Bua Plant performance were investigated. Two operation periods, operation
period 2017 and operation period 2018, were studied. The gasifier temperature ranges during the
operation period 2017 and operation period 2018 were 800-860°C and 790-870°C, respectively.
Higher calcium levels were detected in bed material collected from the bottom of the gasifier during
the operation period 2018 compared to that collected during the operation period 2017. Higher
average hydrogen concentrations and lower average methane concentrations were observed in the
product gas produced during the operation period 2018 than in the operation period 2017. The bed
material during the operation period 2017 was freshly activated while the bed material during 2018
had been activated for a long certain period of time, hence tar content was lower. Operating
parameters were improved during the operation period 2018 and shall further be improved for much
more lower tar concentration.

5. Acknowledgements

The authors gratefully appreciate the partial financial support of this research work by the Research
and Researchers for Industries (RRI), under the Thailand Science Research and Innovation (TSRI)
and Gussing Renewable (Thailand) Company, Grant Number MSD6010103. The authors also thank
the College of Advanced Manufacturing Innovation (AMI), King Mongkut’s Institute of
Technology Ladkrabang (KMITL) for the tar analysis.

References

[1] National Science and Technology Development Agency, 2021. Biomass. [online] Available
at: http://nstda.or.th/rural/public/100%20articles-stkc/22.pdf.

[2] Deparment of Alternative Energy Development and Efficiency, Ministry of Energy, Thailand,
2019. Biomass Potential Data in Thailand. [online] Available at: http://biomass.dede.go.th/
biomass_web /index.html.

[3] Zwart, RW.R., 2009. Gas Cleaning: Downstream Biomass Gasification. Status Report 2009.
[online] Available at: https://publications.ecn.nl/ECN-E--08-078.

[4] Kirnbauer, F., Wilk, V. and Hofbauer H., 2013. Performance improvement of dual fluidized
bed gasifiers by temperature reduction: The behavior of tar species in the product gas. Fuel,
108, 534-542.

[5] Salam, P.A., Kumar, S. and Siriwardhana, M. 2010. The Status of Biomass Gasification in
Thailand and Cambodia. Pathumthani: Asian Insitute of Technology.

[6] Kern, S., Pfeifer, C. and Hofbauer, H., 2013. Gasification of wood in a dual fluidized bed
gasifier: Influence of fuel feeding on process performance. Chemical Engineering Science, 90,
284-298.



[7] Hofbauer, H., Rauch, R., Bosch, K., Koch, R. and Aichernig, C., 2003. Biomass CHP Plant
Gussing-A Success Story. In: A.V. Brigwater, ed. Pyrolysis and Gasification of Biomass and
Waste, Newbury: CPL Press, pp. 527-536.

[8] Hongrapipat, J., Siriwongrungson, V., Messner, M., Henrich, C., Gunnarson, S., Koch, M.,
Dichand, M., Rauch, R., Pang, S. and Hofbauer, H., 2020. Co-gasification of cassava rhizome
and woody biomass in the 1 MW, prototype dual fluidised bed gasifier by Gussing renewable
energy. IOP Conference Series: Earth and Environmental Science, 495, 012019,
https://doi.org/10.1088/1755-1315/495/1/012019.

[9] Kuba, M., Kirnbauer, F. and Hofbauer, H., 2017. Influence of coated olivine on the conversion
of intermediate product from decomposition of biomass tars during gasification. Biomass
Conversion and Biorefinery, 7, 11-21.

[10] Kirnbauer, F., Wilk, V., Kitzler, H., Kern, S. and Hofbauer, H., 2012. The positive effects of
bed material coating on tar reduction in a dual fludized bed gasifier. Fuel, 95, 553-562.

[11] Schmid, J.C., Pfeifer, C., Kitzler, H., Proll, T. and Hofbauer, H., 2011. A new dual fluidized
bed gasifier design for improved in situ conversion of hydrocarbons. Proceedings of the
International Conference on Polygeneration Strategies, Vienna, Austria, August 30-
September 1, 2011, 1-10.

[12] Schmid, J.C., Proll, T., Pfeifer, C. and Hofbauer, H., 2011. Improvement of gas-solid
interaction in dual circulating fluidized bed systems. Proceedings of 9" European Conference
on Industrial Furnaces and Boilers, Estoril, Portugal, 26-29 April, 2011, 1-13.

[13] Pfeifer, C., Schmid, J.C., Proll, T. and Hofbauer, H., 2011. Next generation biomass gasifier.
Proceedings of 19" European Biomass Conference and Exhibition, Berlin, Germany, June 6-
10,2011, 1-7.

[14] Hongrapipat, J., Messner, M., Henrich, C., Koch, M., Nenning, L., Rauch, R. and Hofbauer,
H. 2015. 1 MWel prototype dual fluidized bed gasifier fuelled with renewable enery resources
by Gussing renewable energy. Renewable Energy World Asia Conference 2015, Bangkok,
Thailand, September 1-3, 2015, 1-14.

[15] Bull, D., 2008. Performance Improvements to a Fast Internally Circulating Fluidized Bed
(FICFB) Biomass Gasifier for Combined Heat and Power Plants. Ph.D. University of
Canterbury.

[16] Kuba, M. and Hofbauer, H., 2018. Experimental parametric study on product gas and tar
composition in dual fluid bed gasification of woody biomass. Biomass and Bioenergy, 115,
35-44.

[17] Hofbauer, H. and Rauch R., 2001. Stoichiometric water consumption of steam gasification by
the FICFB-gasification process. In: A.V. Bridgwater, ed. Progress in Thermochemiccal
Biomass Conversion. Vienna: Wiley, pp. 199-208.

[18] Hinsui, T., 2013. Study on Municipal Solid Waste Disposal by Plasma Gasification Technology
for Energy Recovery. Ph.D. Suranaree University of Technology.

[19] Phakham, C., Thararak, C., Homduang, N., Sasuchit, K. and Kongkapan, P., 2016.
Performance testing of a downdraft gasifier by using a mixture of product gas with air to reduce
a biomass tar. The 2" National Conference on Industrial Technology and Engineering (NCITE
2016). Ubon Ratchathani, October 19, 2016.

[20] Pissot,S., Tilches, T.B., Thunman, H. and Seemann M., 2018. Effect of ash circulation on the
performance of a dual fluidized bed gasification system. Biomass and Bioenergy, 115, 45-55.

[21] Rios, M.L.V., Gonzalez, A.M., Lora, E.E.S. and del Olmo, O.A.A., 2018. Reduction of tar
generated during biomass gasification: A review. Biomass and Bioenergy, 108, 345-370.

[22] Virginie, M., Adenez, J., Courson, C., de Diego, L.F., Garcia-Labiano, F., Niznansky, D.,
Kiennemann, A., Gayen, P. and Abad, A., 2012. Effect of Fe-olivine on the tar content during
biomass gasification in a dual fluidized bed. Applied Catalyst B: Environmental, 121-122,214-
222.


http://dx.doi.org/10.1088/1755-1315/495/1/012019

[23] Pfeifer, C., Koppatz, S. and Hofbauer, H., 2011. Catalysts for dual fluidised bed biomass
gasification-an experimental study at the pilot plant scale. Biomass Conversion and
Biorefinery, 1, 63-74.

[24] Tonpakdee, P., Hongrapipat, J., Siriwongrungson, V., Rauch, R., Pang, S., Thaveesri, T.,
Messner, M., Kuba, M. and Hofbauer, H., 2021. Influence of solvent temperature and type on
napthalene solubility for tar removal in a dual fluidized bed biomass gasification process.
Current Applied Science and Technology, 21,751-760.

[25] Kirnbauer, F. and Hofbauer H., 201 1. Investigation on bed material changes in a dual fluidized
bed steam gasification plant in Gussing, Austria. Energy Fuel, 25, 3793-3798.

[26] Koppatz, S., Pfeifer, C. and Hofbauer, H., 2001. Comparision of the performance behviour of
silica sand and olivine in a dual fluidised bed reactor system for steam gasification of biomass
at pilot plant scale. Chemical Engineering Journal, 175, 468-483.

[27] Siriwongrungson, V., Hongrapipat, J., Kuba, M., Rauch, R., Pang, S., Thaveesri, J., Messner,
M. and Hofbauer, H., 2020. Influence of bed materials on the performance of the Nong Bua
dual fluidized bed gasification power plant in Thailand. Biomass Conversion and Biorefinery,
https://doi.org/10.1007/s13399-020-00908-6.

[28] Siriwongrungson, V., Thaveesri, J., Pang, S., Hongrapipat, J., Messner, M. and Rauch, R.,
2018. Influence of olivine activity on plant performance of a commercial dual fluidized bed
gasifier power plant in Thailand. Proceedings of 2018 2nd International Confernce on Green
Energy and Applications ICGEA 2018, Singapore, March 24-26, 2018, 23-27.

[29] Kirnbauer, F. and Hofbauer, H., 2013. The mechanism of bed material coating in dual fluidized
bed biomass steam gasificatition plants and its impact on plant optimization. Powder
Technology, 245, 94-194.

[30] Kuba, M., Skoglund, N., Ohmar, M. and Hofbauer, H., 2021. A review on bed material particle
layer formation and its positive influence on the performance of thermo-chemical biomass
conversion in fluidized beds. Fuel, 291, 120214, https://doi.org/10.1016/j fuel.2021.120214

[31] Libourel G., 1999. Systematics of calcium partitioning between olivine and silicate melt:
implications for melt structure and calcium content of magnetic olivines. Contributions to
Mineralogy and Petrology, 136, 63-80.

[32] Kuba, M., Kimbauer, F., Skloglund, N., Bostrém, D., Ohman, M. and Hofbauer, H., 2016.
Mechanism of layer formation on olivine bed particles in industrial-scale dual fluid bed
gasification of wood. Energy Fuel, 30, 7410-7418.

[33] Larsson, A., Kuba, M., Vilches, T.B., Seemann, M., Hofbauer, H. and Thunman H., 2021.
Steam gasification of biomass-Typical gas quality and operational strategies derived from
industrial-scale plants. Fuel Processing Technology, 212, 106609, https://doi.org/10.1016/j.
fuproc.2020.106609.

[34] Fiirsatz, K., Fuchs, J., Kuba, M. and Hofbauer, H., 2021. Effect of biomass fuel ash and bed
material on the product gas composition in DFB steam gasification. Energy, 219, 119650,
https://doi.org/10.1016/j.energy.2020.119650.

[35] Devi, L., Craje, M., Thiine, P., Ptasinki, K.J. and Jessen F.J.J.G., 2005. Olivine as tar removal
catalyst for biomass gasifiers: catalyst characterization. Applied Catalysis A: General, 294, 68-
79.


https://www.x-mol.com/paperRedirect/1357448734410252288
https://doi.org/10.1016/j.%20fuproc.2020.106609
https://doi.org/10.1016/j.%20fuproc.2020.106609
https://doi.org/10.1016/j.energy.2020.119650

ST

Karlsruher Institut far Technologie
Repository KITopen

Dies ist ein Postprint/begutachtetes Manuskript.

Empfohlene Zitierung:

Prasong, M.; Siriwongrungson, V.; Hongrapipat, J.; Rauch, R.; Pang, S.; Messner, M.
Influence of Gasification Operating Parameters on Performance of the Nong Bua Dual

Fluidized Bed Gasification System in Thailand.
2021. Current Applied Science and Technology, 22.
doi: 10.5445/IR/1000134316

Zitierung der Originalveroffentlichung:

Prasong, M.; Siriwongrungson, V.; Hongrapipat, J.; Rauch, R.; Pang, S.; Messner, M.
Influence of Gasification Operating Parameters on Performance of the Nong Bua Dual

Fluidized Bed Gasification System in Thailand.
2021. Current Applied Science and Technology, 22 (1), 1-14

Lizenzinformationen: KiTopen-Lizenz



https://publikationen.bibliothek.kit.edu/1000134316
https://publikationen.bibliothek.kit.edu/1000134316
https://publikationen.bibliothek.kit.edu/1000134316
https://publikationen.bibliothek.kit.edu/1000134316
https://publikationen.bibliothek.kit.edu/1000134316
https://www.bibliothek.kit.edu/cms/kitopen-workflow.php



