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Project Code: MRG4880011
Project Title: Heat Producing from Biomass Combustion by Fluidized Bed Technique

integrating with Air Vortexing without Mixing Inert Material into the Bed.

Investigators:
Investigators Organization
1. Asst.Dr. Thanid Madhiyanon  Mahanakorn University of Technology

2. Prof.Dr.Somchart  Soponronnarit  King Mongkut’s University of Technology Thonburi
Email Address: thanid_m@yahoo.com, somchart.sop@kmutt.ac.th
Project Period: 1 July 2005 — 31 June 2007
Objectives:

1. To promote a use of biomass fuel, as an alternative energy source, in order to
substitute for conventional energy sources derived from fossil fuels which are
importable and presently highly prized.

2. To develop a combustion technique for a fluidized bed combustor intorder to
diminish an agglomeration problem and to augment solid-particles circulation
within the combustor with a consequence of prolonged resident time of the
particles, where height to diameter ratio should be appropriately adopting into
the industry.

Methodology:

Fig. 1 shows a schematic diagram of a short-combustion-chamber fluidized-bed
combustor (SFBC) with a design output capacity of 250 kW, The SFBC comprises two
main parts (Fig. 2): (1) a cylindrical combustor with 0.5 m i.d., 0.97 m in height, and (2) a
conical base with 0.30 m i.d. truncated-apex cone 0.60 m in height designed to contain a
bed of ashes and coarse particles. A cylindrical part had a circular ring named a
‘recirculating ring’ made of refractory with 0.30 m .opening diameter located 1.13 m above
an air distributor. The recirculating nng divided the combustor into a main (fluidized bed)

and minor combustion chambers, and is used to trap entrained particulates in combustion



gases impinging upon its bottom side, as a consequence of solid-gas rec'yculation inside

the fluidized bed.
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Lower tertiary air

_Serew feeder
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Recirculating ring

Air distributor

- ‘ - w ploes
Stirring blades Secondary air : O

I Il [

Primary air (Fluidizing air)

Fig. 1(a) Schematic diagram of short-combustion-chamber FBC, designed output capacity
250 kWi,

A
b\
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Fig. 1(b) Photograph of short-combustion-chamber FBC, designed output capacity 250
kWy,.
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Fig. 2. Axial cross-section of a short-combustion-chamber FBC.

Rice-husk was fed into the FBC via a screw conveyor equipped with a variable-speed
drive to regulate the fuel feed rate. The primary air (fluidizing air) was supplied by 2.2 kW
blower. To prevent flame penetrating the fuel feed system, secondary air was injected at
the outlet of the screw conveyor. Tertiary air was provided by a 2.2 kW blower and diverted
to above and below the recirculating ring. The lower tertiary air was introduced via four air
nozzles at an elevation of 1.03 m; the arrangement of these nozzles is shown in Fig. 3a.
The air discharging from the nozzlies formed a tangent circle of 0.2 m diameter within the
confines of the nozzles. Upper tertiary air was introduced tangentiailly through the two
opposing air nozzies (Fig. 3b) positioned just above the recirculating ring. Injecting this air
was designed to sweep any particulate materials that may fall on the upper side of the ring
towards the fluidized bed below. Moreover, to prevent loose particles formed by rice-husk
char agglomeration, air-cooled stainless-steel stirring blades were installed centrally inside
the conical base, and operated continuously at 6 rpm

s
The desired fuel feed rate was regulated by a variable-speed drive. Air velocity was

adjusted manually and measured by hot wire anemometer (accuracy + 3%). The



temperature profiles inside the combustor were monitored using a data Logger with an
accuracy of * 1°C and type-K thermocouples at 0.6, 0.93, 1.33, and 1.58 m above the air
distributor. In the same cross-sectional plane of each elevation, the temperatures were also
measured radially outward from the combustor center. Gas concentrations were monitored
using a multigas analyzer (Testo 350XL). The measuring principle was based on
electrochemical cells for O,, CO, NO, and NO,. A Leco C-H-N-S analyzer was used to
analyze unbumed carbon content. Combustion and fluidization behaviors during test runs

were observed closely via the ports on the combustor’s outer surface.
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Fig. 3. Arrangement of tangential tertiary air injection

The SFBC can be started easily without any additional fuel, such as liquefied
petroleum gas (LPG). Rice-husks were pre-loaded manually into the combustor through an
access door until a bed-height of 20-30 cm above the air distributor plate was reached, and
then ignited. When rice-husk loaded in advance was continually combusted until the bed
temperature reached about 450°C; thereafter, the feed was increased to the desired feed
rate. No external bed material was used to promote fluidized-bed combustion; instead, ash

derived from the rice-husk itself during continued combustion, in which the main element is

silicon (& 90% as SiO,), can behave as an inventory bed material that contributes to

favorable turbulent gas-solid mixing.



The combustion tests using rice-husk fuel comprised 9 experimer'l_ts. of which 5
were conducted using varied fluidization velocities and fixed rice-husk feed rates, and
another 4 with partial load conditions using fixed total air and varied feed rates. The
operating conditions are summarized in Table 1. Three more experiments were performed

primarily to investigate the potential for co-firing rice-husk and bituminous-coal in the SFBC.

Table 1

Experimental conditions for rice-husk combustion

Tevtiary air

Run Primary air Secondary air Upper recircalating  Lower recirculatiog Rice busk  Excess Airl-

Nos. ring ring feed rate air fm:
(kg'h) (%) ratio

Velocity Fraction  Velocity Fraction ‘elocity  Fraction Velodry  Fracton
(m's) ) (mn's) © (n's) © {m's) )
. Effect of primary air

1 0.5 033 16 .27 8 0.14 15 0.26 66 83 832

2 0.8 0.44 16 0.23 8 0.11 15 022 66 119 9.96
3 0.9 0.46 16 0.22 8 0.1 15 0.21 66 132 10.56
4 1.2 0.54 16 0.19 8 0.10 15 0.18 66 164 1201
5 14 057 16 0.17 8 0.10 135 616 66 174 1347

Partial-load operational

6 1.0 0.47 13.7 0.22 18 0.11 13.6 0.2¢ 73 117 9.87
? 1.0 0.47 15.7 0.22 7.8 0.11 13.6 0.20 66 4130 10.92
8 10 0.47 157 0.22 78 0.11 13.6 ¢.20 50 220 14.56
9 1.0 0.47 15 0.22 18 0.11 13.6 0.20 33 380 2184

Results and Discussion:

The temperature profiles showed that combustion mainly took place below the
recirculating ring and at between 0.6 m and 0.93 m above distributor plate. Fig. 4 shows
typical radial temperature profiles within the combustor. The regions below the recirculating
ring were in a near-isothermal bed state, indicating that fluidized-bed combustion
characterized combustion in these regions, despite the lack of a secondary solid bed
material. This corresponds with visual observations through wall-opening ports and sharp

decay of vertical O, concentration profile inside the combustor (Fig. 5).

Change in fluidizing velocity or change in fuel feed-rate can result in excess air. All
tests under varied conditions allowed excess air of between 83-380%, corresponding to a

fluidizing velocity variance of 0.5-1.4 m/s and rice-husk feed rates of 33-73 kg/h. All



experiments shows that bed temperature not > 1200°C. Combustion efﬁcnen(t:y (E;) of 95.6-
99.8% and heat rate intensity (/) in the range 1.34-1.54 MW,hm were achieved in the
current FBC. The use of high fluidizing velocity (1.4 m/s) caused the distortion of the E;
profile at an excess air of 174%. E. was quite low (96.7%). However, generally the
combustion efficiency was mostly >98%, corresponding to normal operation at feed rates of
66-73 kg/h. The highly effective combustion was presumably due to the efficient
recirculation of particulate materials, by utilizing (1) a recirculating ring having a central
circular opening, which confined large particles within the fluidized-bed combustion
chamber until their sizes diminished, and (2) a vortex generated by the lower tertiary air.
This vortex captured large and coarse particulates entrained in the gases by centrifuging

them back into the fluidized bed for refluidization.
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Fig. 5. The O, concentration profiles

In this study, various rice-husk loadings were investigated to determine combustor
performance under partial-load operation (Table 1). First, the SFBC is designed to burn
about 66 kg/h of rice-husk to generate a thermal capacity of about 250 kW, with E. of
about 95% or more. A maximum rice-husk feed-rate of 73 kg/h with thermal capacity of 300
kW, and E. of 99.4% were achieved. Furthermore, a minimum rice-husk feed-rate of 33
kg/h could yield a thermal capacity of 130 kWy, and E; of 96.3%. Thus, the current

combustor has a turn-down ratio (ratio of combustor's maximum output to minimum input)
of 2.3:1

Following the CO-concentrations (based on 6% O,), higher excess air, resulting in
lowered bed temperatures, led to the production of higher CO. A moderate increase, from
50 to 550 ppm, can be seen when bed temperature decreased from 1200 to 1050°C. A
steep increase to 2200 ppm was detected when bed temperature dropped to 800°C, due to
diminishing combustor loading, i.e., from 73 to 33 kg rice-husk/h. In the current work, NO,
emissions were in the range 23(3;350 ppm (at 6% O,), depending on combustion
conditions. It can be seen in Table 2 that NO, increased dramatically with increasing

excess air, from 80 to 170%. This was due to enlargement of the fuel-NO, reaction by

increased concentration of oxygen.



Table 2

Summary of experimental resuits for rice-husk firing for operating conditions in Table 1

f

Unburned

Ren g Bed Exit Intensity 0; and CO, emissions at 6% O, Comb.
. carbou in EfL.
Nos. Temp". Temp. Feed rate Heat rate O (O co NO: ash
W cO O (g lylket) QWD) (%) (%) ppm ppu %) (%9
Effect of fluidizing air
1 83 1un 1087 336.(66) 1.40 877 1137 0 232 08 998
2 119 1153 933 336.{68) 1.39 938 11.07 157 295 23 984
3 132 1166 812 336:(66) 1.39 1231 8.07 169 318 29 91
4 164 1056 740 336:(66) 137 1218 885 427 336 6.7 98.0
5 144 1019 807 336:(66) 1.34 12984 662 38 332 11.19 95.6
Partial- load operational
6 117 1136 028 372:(71%) 1.54 9.01 1113 100 288 22 99.4
7 140 1120 818 336:(66) 138 10.36 9.89 335 300 35 98.9
8§ 220 1006 673 285.(50) 1.03 1379 539 252 337 7.1 97.1
9 380 801 343 168:(33) 0.67 1574 396 2176 348 79 96.3

*measured at 1.2 m

The final part was devoted to a preliminary study of co-firing rice-husk with

bituminous coal, where the primary fuel was rice-husk. Coal and rice-husk were Blended on

an energy basis, with 2 proportions of coal introduced in co-combustion tests, i.e., 20 and

30% (energy basis). Results obtained for excess air of 150-220% showed that the E; for

fuel blends was about 96%, which was less than for rice-husk alone. The greater difficulty

of buming large and dense coal particles responded to the decreased E.. Moreover,

emissions during the co-combustion tests were 60-160 ppm for CO and 300-350 ppm for

NO,.

Conclusion:

1.

Without mixing rice-husk with a secondary solid bed material, fluidized bed

combustion feature can be accomplished in SFBC developed in this study,

indicated by a near-isothermal condition and consumption of abundant oxygen

(indicated by axial O, concentration profiles), characterized the fiuidized-bed

combustion feature of thi§ combustor.



2. The combustion efficiency and heat rate intensity of 95.6-99.8% and 1.34-1.54
MWm'z, respectively, were achieved. A combined recirculating ring and vortex
air curtain should play an important role in efficient combustion.

3. Increasing excess air, either by increasing fluidizing air velocity or decreasing
combustor loading, caused decreases in E; due to insufficient residence times
and bed temperature decreases. The present FBC can operate in partial-load
conditions, with an achievable turn-down ratio of 2.3:1.

4. In aspect of gas emissions, increases in excess air resulted in increased CO
and NO, levels. CO increases resulted from temperature drops, whereas NO,
increases were probably due to greater fuel-N reactions with enriched oxygen.
Generally, when rice-husk was fired at a normal loading (66 kg/h), CO and NO,
ranges were 50-550 ppm and 230-350 ppm, respectively.

5. The SFBC can be co-fire rice-husk with bituminous coal. Buming rice-husk/coal
mixtures of 80/20 and 70/30 (% energy) yielded satisfactory E. and /; values.
Bituminous blends had higher NO, emissions attributed to the fuel mixture
having a higher nitrogen content.

Recommendation: .

The research in a filed of co-firing rice-husk/other biomass wit coal should be
intensively promoted and supported, especially by means of fluidized bed combustion
technique and should emphasize on co-combustion performance including such problems

may arise—agglomeration, sintering, and fouling, etc.

Keywords: Combustor; Combustion efficiency; Fluidized bed; Rice husk; Vortex.



