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ABSTRACT
With the ever-growing energy demand over the gldtigeria’'s demand and utilization of power has beem on-going
problem for decades with less than 40% of rural camity connected to the national grid. The needxplore the usage of
safe and naturally abundant materials whose releeahnas largely been underestimated in power geigrdtecomes non-
negotiable in order to sustain the socioeconomieettpment. This paper presents performance ofifletbed combustion
boiler that depends on the fuel distribution in @thiagricultural waste solid fuel (corncob) was buat bed height of 77mm,
47 mm and 27 mm using 2B granular material. The results recorded stabilitythe superheated temperature of 4@ ht
55 minutes, 14T at 45 minutes and 183 at 30 minutes respectively. The maximum supezbgaessure obtained were 2.1
bar at 55 minutes for bed height of 77mm, 2.6 bamfbed height of 47 mm at 45 minutes and 4.0 tmen bed height of 27
mm from 45 to 55 minutes. Lastly, emission analysike flue gas has shown to be low in variousgetages of 0.0003% of
NO,, 0.001% HC and 0.02% of CO.
Keywords: Corncob, Fluidized bed boiler, Superheated tempueea Electrification, Superheated pressure, Emissi
reduction.

chemical reactions within the bed (Thenmozhi and

INTRODUCTION

Nowadays, technology offers several
incentives to use different kinds of biomass fuelproduce
energy. Technological developments over
increased the ability to burn different kind of sy means
of specific boiler concepts and the flexibility tourn
different fuels in a boiler. A waste-to-energy rgldakes
profit from useless waste by converting it to egergsually
by incineration in a boiler in order to convert eato steam.
There are different kinds of waste being incinetate
boilers such as household garbage from a societigyer
products from the process industry and organicemafrom
agricultural waste (Koornneeét al, 2007). The use of
biomass as alternative sources of energy is atteabecause
it addresses both problems of waste disposal agldafaod
shortages, the extraction of useful energy frommiiss
could bring very significant social and economindigs to
both rural and urban areas (Kyaetaal, 2015). Boilers are
pressure vessels designed to heat water or prateams, by
combustion of fuel which can then be used to prwgdace
heating and/or service water heating to a buildi@digure

Sivakumar, 2013). The fluidisation is created bg tipward

solutions andlow of combustion air and operating temperature aof

fluidised bed boiler is narrow, around 800 — 900FR@yer

time havdemperatures lead to decreased boiler efficiencijevehtoo

high temperature can lead to ash sintering, caukmdped to
clog (Johansson, 2012).

World energy supplies have been dominated by fdssls
for decades. Today biomass contributes about 10-({&%
45 + 10 EJ) of this demand. On average, in thestralised
countries biomass contributes some 9-14% to thal tot
energy supplies, but in developing countries thiag high as
one-fifth to one-third (Kharet al, 2009). According to the
world energy council projections, if the adequatdiqy
initiatives are provided in 2025, 30% of the diréatl use
and 60% of global electricity supplies would be nigt
renewable energy sources (Koh and Hoi, 2003).Tlaeee
several benefits of introducing electricity to rura
communities, while obvious reasons include sodihg like
lightening, cooking and water pumping, electricit§l help

to stem the flow of rural-urban migration which &

et al, 2005). Steam is preferred over hot water in someommon problem in many developing countries likgeia.

applications, including absorption cooling,
laundries, sterilizers, and steam driven
(Ohijeagboret al, 2013).

kitcken

The development of the fluidised bed technologyrahe
years has allowed to achieve higher efficiency lewehile
reducing emissions and increasing fuel flexibilitshich are
key under current global
conditions. Fluidised bed combustion (FBC) is a bastion
technology used to burn solid fuels. In its mossibdorm,
fuel particles are suspended in a hot, bubbliniglitiybed of
ash and other particulate materials (sand, limestett.)
through which jets of air are blown to provide tyeygen
required for combustion, the resultant fast andmiate
mixing of gas and solids promotes rapid heat temahd
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market and environmentalusing

Introduction of electricity also helps to provideoguctive

equipmenemployment in rural areas thereby creating a p@sithpact

on economic as well as social growth (Folagaal, 2015).

Folayanet al (2015) discuss the environmentally friendly
methods of extracting biomass
energy for rural use. One such means is energyweego
fluidised bed combustors. This
system uses agricultural waste as fuel sourcedduse heat
energy as an alternative to
power rural community for light load application$est
results recorded high flue gas and
bed temperatures of over 300°C and 850°C respéygtive
suitable for rural application
including grain drying and water boiling. Rozainet al.
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(2013) the purpose of their study was to investigtte
effect of bed height on the quality of rice husk &sa 210-
mm diameter pilot scale fluidised bed combustor.e Th
degree of rice husk burning in the fluidised bedldobe
deduced from the temperature of the combustor &ed t
particle size of the resulting ash. The turbuleimcéhe bed
would breakdown the char skeleton of the rice humk
finer size. From this study, the bed height of @5kas
found to give the lowest residual carbon contenthie ash
(1.9%) and the highest bed temperature (670°C).

Lately, a few works from literature have been orildso

utilizing fuel oil for viable purposes and fluidd®ed boiler.

However, the issue is presently to harnessed dugnial

waste as substitute to fuel oil in fluidised boifer steam

generation with the end goal of power generatiohe T
inspiration for this study is to generate steamrgne
utilizing suitable waste-to-energy technologies.

In Kaduna state of Nigeria, production estimategifee and
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system to generate steam at desired capacity, yseeasid
efficiency from the system and therefore aims atioling
thermal energy from the developed fluidised bedleboi
required forelectrification of rural communities tno
connected to national grid.

MATERIAL AND METHODS

Description of the Fluidised Bed Boiler

The fluidised bed boiler consists of the fluidisded
combustion chamber, steam drum, steam trap, stegm t
down-comer tubes, riser tubes, and frame suppcee (S
Figure 1).The combustion chamber provides conversio
chemical energy of fuel (corncob) to heat energyctvhin
turn, was transferred to the heat absorbing surfdcthe
boiler. Air for the supply of oxygen and buoyantde was
supplied by a centrifugal blower, which passes ughoa
perforated distributor plate, and then a bed of paticles
of wide size distribution. The working fluid, whidh water
within the steam drum passes through the down coutoer
to be heated within the combustion chamber andsiestm

maize were 364,170 MT and 1,027,790 MT respectivelybeing generated returned to the steam drum thrtheghiser
(NAERLS and NFRA, 2009). This shows enough poténtiatube being connected to the down comer within the
of biomass waste to generate minimum of 90 MW ofcombustion chamber. Subsequently, the wet steaergiea
passes through the superheater tube to be rehelia the
combustion chamber for dry steam to be collecteduth

the release valve.

electricity. Shika community of Zaria Nigeria, geas
about 3400 tonnes of waste annually, which is capab
producing a minimum of 1.9MJ/s of steam, sufficiéot
200 kW of electricity from a power plant. In linethv this,
the present research analyses the performancectr@stcs
of fluidised bed boiler by incineration of corncatto the

Steam drum

Combustion chamber

o

bV

Downcomer tube |

# Frame support

Ll
'I

Figure 1: Developed fluilisbed boiler

Design Consideration and Equipment

The parameters considered for the design, faboicatind
experimental procedure of the developed fluidised b
boiler for steam energy generation are shown irleTab

Table 1: Design consideration

Parameters Specifications Equipment

Steam temperature 17D to 186C Kane - May, 340 digital thermometers wijth
thermocouple wire props (-50 to 1300

Steam pressu 2 barto 5 be Maximatol air filled pressure gaugO — 10 ba)

Steam capaci 2 kg/h to 10 kg/

Calorific value of corncc 18.50 MJ/k¢ to 24.5C MJ/kg

Bed material 25@m Fine sand

Mesh sieve of 2pfh

Bed height

27 mm, 47 mm and 77 mm

Vernier caliper
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Design Analysisand Calculation

Design of the steam drum

The design of this component must be strong endagh
contain steam or hot water that is generated arst ahle
to mechanically hold the boiler tubes as they egpand
contract with changes in temperature. Hence, itsrme is
of importance and is written as:

D
where, 4,,, = Cross sectional area of the drunfYm
Lgr, = Length of the drum (m)

Varu = Agru X L ary

Internal designed pressure of a boiler

The design pressure higher than operating pressiite
10% or more satisfies the requirement of boileigteghis
pressure is based on the nominal thickness. Thenit
design pressure is given by (Ohijeaglatmal.,2013).

oy Xt )

= RN ()
where,P; = Internal design pressure on inside of drum or
shell (N/nf)
o,, = Ultimate strength of plate (N/in
t = Thickness of plate (m)
R; = Internal radius of drum (m)
fs Factor of safety (ultimate strength divided by
allowable working stress)
Tensile stressr,, = 385 MN/nf
Compressive stress,,. = 665 MN/nf
Shear stress,= 308 MN/m

Design of the steam tube

Materials which can withstand high temperature and
resistance to corrosion such as galvanized ste&trials
were selected to form tubes.

Vst = Age X Lgt
where, 4, = Cross sectional area of the tub&)(m
L, = Length of the drum (m)

(3)

Design height of the combustion chamber
This is given by the ratio of volume to combustadramber
area of the boiler.

V.
ACOm (4)
com i .
where,H,.,»= Height of the combustion chamber (m)
V.om = Volume of the combustion chamberjm
Aq,m = Cross sectional area of the combustion chamber
(m’)

Heom =

Minimum wall thickness of tubes and drum

The minimum required wall thickness of a boilenisalue
beyond which the boiler wall cannot be easily daenby
the operation pressure in a boiler. The formulgiien as
(Ohijeagboret al, 2013).

P; X R;
= %1, = 06P, (>)
ng — 0.6P,4
where,o = Allowable working stress of the material (Njm
t,, = Minimum wall thickness (m)

tw
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ng = Ligament efficiency of the welded joint

Therefore, the minimum wall thickness of the tuhss
given as:

Pd X T iy
2XoXng+ 08P,
C = Corrosion allowance

(6)

tw tubes =

Design of distributor thickness

The flow through plates can be described theonétiby a
wide range of models, for perforated plates however
Hagen-Poiseuille’s law can be used to describe the
relationship between pressure drop across theitdistr
and superficial velocity. The thickness of the peafed
hole is given as(Alekseeat al, 2016).

Apddgr
32uUpy

7

Lais =

where, AP; = Pressure drop
tqis = Distributor thickness
d2,. = Square of diameter of the orifice

Design of orifice

The aperture at which steam flows through the stdpe is

an important parameter in boiler tube design,
professionalism was applied in threading to avaidgure.
According to (Werther and Karri, 2003), the orifice
velocity can be obtained from the orifice equatginen
below as:

24P,
Pg

where, C; = Coefficient of discharge
U,, = Orifice velocity
p, = Density of the gas (kgfn

Ca )

Design feed hopper
Biomass fuel was fed into the bed via a hopper khic
functions with the help of gravity. The absencermving
part makes it suitable for rural application, wheogtine
maintenance may not be forthcoming. Hence, its e&red
importance to accumulate the size of fuel and igavr as:
App = L X Bpp, X Hypy 9
whereA;, = Area of feed hopper @n

L¢p= Length of feed hopper (m)
By, = Breadth of feed hopper (m)

Hep= Height of feed hopper (m)

Calorific value of corncob as fuel

The fuel has a significant effect on the design aperation
of fluidised bed combustion boiler. Fuels with hegh
reactivity have greater combustion efficiency. Roas
studies show that the amount of combustible logseke
fly ash is inversely proportional to the heatindgueaof the
fuel (Basuet al, 2011). Corncob with calorific value of
5841.22 kcallkg (24.44 MJ/kg) was considered irs thi
design (Balogunet al, 2016). Hence, the heat energy
liberated by complete combustion of a unit masfef can
be approximated from Dulong’s formula given as (4]
2010).
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HCV = 33,800C + 144,000 (H - %) +9270S
LCV = HCV — 9H x 2,466

(10)
(1D

where,HCV = Higher calorific value (kJ/kg)
LCV = Lower calorific value (kJ/kg)

Stoichiometric air-fuel ratio
Adequate supply of air is essential for the comgplet

combustion and for obtaining maximum amount of heat

from fuel. The amount of oxygen required for 1 Kgfuel
maybe calculated from the chemical analysis of ftied.
The composition of

raw corncob waste by percentage

Table 2: Summary of the design calculation

Vol. 25, No. 1, Sept. 2018

weight is as follows; 42.0% C, 6.7%,H1.5% N and
48.1% Q (Lu and Chen, 2013).

Steam capacity

Depending on the size of turbine choosing for power
generation, the amount of steam produced from tikerb
should be able to run the turbine sufficiently. abte
condition extraction pressure of 4.0 to 7.7 basufficient
enough to generate 20 MW of power (Heppenstall,8199
Karri, 2012)

Initial Data

Calculations

Results and Remarks

Type of boiler

Bubbling fluidised bed boiler

Design of steam drum

D =06m
Lgn=1m

Volume of steam drum or boiler shell
n
7 X 0.62x 1 =0.283m?

For this design specification, the volume of
steam drum was calculated as
V= 0.283 m’

Internal designed pressure of the boiler

Oyt = 385 MN/m’
t=0.003m
R;=03m

f.=5

~ o, xt _ 385x0.003
T R xf,  03x5
P, = 0.77 MN/m? = 770,000 N/m?
Hence, Py = 7.7 bar

The design pressure was calculated as:
P; = 7.7 bar

Design of steam tubes

d; =0.0127m
Le4=3m

Volume of tube
T
1 x 0.0127? x 3 = 0.038 m®

Babcock and Wilcox, stated that the minimum
and maximum allowable tube diameter are 0.01
m and 0.0635 m. Therefore, the volume of the
steam tube was calculated as

Vi = 0.038 m®

Design of combustion chamber

D;=05m Volume of combustion chamber For this design specification, the volume of
Heom=1m Veom = T x052x1=0196 m3 combustion cf;amber was calculated as

4 Veom= 0.196 m
Types of feed Agricultural waste (chipped corncob and charcoal) The corncob was from Shika community, Zaria.
Bed material Sand Sand material of 250 um and particle density of

2.659 g/cm3 was used with bed height of 0.027
m, 0.047 m and 0.77 m were adopted.

Design of minimum wall thickness

For the Drum

P, = 0.77 MN /m?
D;=0.6m
ng=1
04 = 77 MN /m?
Also, for the tube
d; =0.0127m
c=3

p oo PaxB 0.77x 0.3
Y oxng—06P;, 77x1—0.6x077
t, =3.0181x 1073 m

t, = 3.018 mm

¢ _ Py xr; ‘e

w tubes — 2 X g X e +0.8Pd

. _ 0.77 X 0.00635 3
witubes = 5777 x 1+ 0.8 X 0.77

2
ty tubes = 3.0312 mm

ty = 3.018 mm
Take t, = 3.0 mm

tw tuves = 3-0312 mm
Take t, tupes = 3.0 mm

Design of feed hopper

Ly =02m
Bpp =0.5m
Heyp =07m

Arn = Ly X By X Hyp
App=02%05x%0.7

For this design specification, the calculated
desired feed hopper of the boiler was
App =70mm

Velocity of fluids in tubes, pipes and drum

From steam table;
v = 0.3427 m’/kg of

App =0.07m
App =70 mm

V = 0.05 x M,, X — —005><48><0'3427
e wopET 0.62

For this design specification, the velocity of fluids
in the steam drum is calculated to be

water @ 155 °C V =2284m/s V =2284m/s
M,, =48 kg/hr

Design of frame support

L=0.6m Area of frame support

B=03m Ars=0.6%03x15=0270m Aps =0270m
H=15m
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Table 3 shows the materials selectedtlier fabrication
of the fluidised bed boiler, which were seéett based on
their physical and mechanical properties, and teilability.

Table 3: Detailed selected materials and fabdna

Component Materials Fabrication process
Combustion Mild steel sheet - Mark out 1000 mmp%00 mm on the 3 mm thick flat sheet.
chamber - Roll the 1000 mm %500 mm into a hollow cylinder.
- Weld the free ends together with gas weldingotonf hollow cylinder.
- Then coat with aluminum paint.
Steam drum Galvanized steel - Mark out 1000 mm %600 mm on the 3 mm thick flat sheet.

sheet

- Roll the 1000 mm %600 mm into a hollow cylinder.

- Weld the free ends together with gas weldingotonf hollow cylinder.

- Drill 7 holes of$19.05 mm, 5 of it for the tubes, 1 for blow dowrck@nd
1pressure gauge on top.

Distributor plate

Mild steel plate

- Mark out 120mx 500 mm on the 2 mm thick flat sheet.
- Make perforations evenly distributed over tHetg@ to be of 3 mm in
diameter (Orifice diameter) and 700 in number.
- Weld the end round to combustion chamber withwgekling at height of
130 mm from the plenum chamber.

Hooper

Mild steel plate

- Mark out 200 mm x 500 mmO0 mm on the 2 mm thick flat sheet.
- Make it to form a funnel shape like by forgingpess.
- Weld the 200 mm end to combustion chamber with gaelding at height
of 620 mm from the distributor plate.
- Then coat with aluminum paint.

Downcomer tube

Galvanized steel
pipe

- 3 m long galvanized was bought¢o{%)” pipe.
- Cut the pipe into half and then bend it into 8hature, which is 76.2mm.
- 2 Downcomer was achieved in total with respect this design
specification.

- Weld the downcomer pipe to the front of the stedmam and to the
combustion chamber.
- Allowing the bottom bend to suspend at a heigh®.8 m just above the
distributor plate.
- Making threading at the top of the pipe in ortleibe joined from steam
drum to combustion chamber with a union connector.

Riser tube

Galvanized tube

- 3 m long galvanized @ught ofy (1/2)" pipe.
- Cut the pipe into half and then bend it into 8fature, which is 76.2 mm.
- 2 Riser was achieved in total with respect te tlésign specification.
- Weld the riser tube to the front of the steamnurand to the combustion
chamber.
- Allowing the bottom bend to suspend at a heigh®.8 m just above the
distributor plate.
- Making threading at the top of the pipe in ortieibe joined from steam
drum to combustion chamber with a union connector.

Super heater tul

Galvanized stee
pipe

- 3 m long galvanized was bought¢ (1/2)" pipe.
- Cut the pipe into half and then bend it into 8fature, which is 76.2 mm.
- 1 single super heater was used in this work wét$pect to this desig
specification.

- Weld the super heater tube to the front of thearst drum and to th
combustion chamber to divide the set of riser taiheé downcomer tube and
a non-return valve at 0.0762 m just after the stietm.
- Allowing the bottom bend to suspend at a heighd.8m just above the
distributor plate.
- Making threading at the top of the pipe in ortiebe joined from steam
drum to combustion chamber with a union connector.

=)

4%

Frame support

2" x 2" angle iron

- Cut the full ¢gin of the angular iron into 2 equal parts.
- Mark out 1500 mm into 4 places for the standhaf frames. In addition,
cut out 300 mm out for brazing of the legs.
- Weld the brazing legs to the main stand at 150 fnom the bottom and
250 mm from the top by arch welding.
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Firing/lgnition Procedure height of 77 mm, 47 mm and 27 mm respectively. An a
The system was assembled outside the boiler roomhlower with capacity of 0.7 MPa rated 0.28 kW, 60Mas
mechanical engineering departmental workshop, ABdaZ  used to provide the buoyant forces for fluidizatiamd in
The water used throughout the running was sounwed fhe  addition provides the oxygen for combustion.
tap water running from Ahmadu Bello University wate
board. The bed material (sand) was prepared byvieigo Some charcoal in small pieces was feed onto thddrgate-
larger particles which can potentially affect theality of heating of the system. Conversely, 1 kg of the cobrwaste
fluidisation using a sieve. samples from Shika community, Zaria as the raw higsn
fuel was cut into pieces with 3 £ 0.5 mm in diameted 10
Fine sand of 25Qum was feed evenly onto the distributor £ 0.5 mm in length to equalize their sizes and feasl in at
plate through the manhole opening up to a destatded 10 minutes interval through the hopper.

Saturation Pressure _
Gauge Saturation
—_—

Steam Space

Water Space
Superheated Pressure
Gauge
Superheated Temperature

—— |

Superheater tube

Bed Temperature | AN

b — —

Plenum Chamber

|

Distributor Plate

Superfictal Atr

Figure 2: Flow diagram of the developeddyoi
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RESULTSAND DISCUSSION

Superheated Temper ature of Steam at Superheater Tube
The temperatures of the steam at the super hedterwith
respect time were taken at 5 minutes interval. feig8
depicts the superheated temperatures of the thesk
heights. It can be deduced from the Fig., thatGamiutes,

Performance Characteristics of a Miniature Fluidised Bed Boiler as an
Alternative for Steam Power Generation in Rural Areas of Nigeria

temperature ramp of 183 up to 60 minutes at 168.
Additionally, the bed height of 77 mm attains sligpiat 50
minutes at 14T. The stability of the superheated steam of
47 mm bed height was attained at 35 minutes upOo 5

b minutes at 147C and there was a slight drop in temperature
to 140C and this can be said to be attributed to lodseat

superheated steam was obtained from the 27 mmdigtth due to release of the steam through steam outhet.va

and it started attainting stability at 35 minutesoni

Temperature(°C)

—&—3Superheated at Bed
Height (77mm)

—i—Superheated at Bed
Height (47mm)

== Superheated at Bed
Height (27mm)

T T T 1

0 5 1015 20 25 30 35 40 45 50 55 60 65

Time (mins)

Figure 3:

3.5 -
2.5 1

1.5 -

Pressure (bar)

0.5 -
0 T T T T T

Variation of superheated temperaturdesira and bed height as a function of time

= Superheated
at Bed Height(77mm)

B Superheated
at Bed Height(47mm)

= Superheated
at Bed Height(27mm)

0 5 101520253035 4045505560

Time (mins)

Figure 4: Superheated pressure of steam and bghtfzs a function of time

42



Nigerian Journal of Engineering

Super heated Pressur e of Steam at Super Heater Tube

Superheated pressures of the steam at the super helzse
at 5 minutes interval were taken as shown in Fiduriéwas
observed from the Figure, that at the beginningthaf
experiment there were no traces of superheatedymeén
super heater tube not until after the 20 minutegtie bed
height of 27 mm, 25 minutes for bed height of 47 uma
35 minutes for bed height 77 mm. As shown from Fag4,
the maximum superheated pressure obtained werea?.at

Vol. 25, No. 1, Sept. 2018

Bed Temperature

Figure 5 shows the bed temperature variation viitie .t The
initially measured temperature of the bed at theeorof
fluidization was 331C for bed height of 77 mm, 40 for bed
height of 47 mm and 4 for bed height of 27 mm. The bed
temperature rises proportionally with time and @nanutes,
there was a significant increase in bed temperdturreach
of the bed height this can be said to be attribttedtable
supply of fluidising velocity for combustion andetle was a

55 minutes for bed height of 77 mm, 2.6 bar wa® als decrease after 50 minutes and this is attributestdppage

of fuel feeding. This result can be supported wlith study

of Varol et al. (2014). Hence, the maximum bed temperature
obtained throughout the experiment was °T24at 40
minutes for the bed height of 27 mm and this idimecwith
bed temperature of a fluidised bed boiler.

obtained from bed height of 47 mm at 45 minutesvarols
the specified one-hour (1 hour.) end time of thpegixnent,
4.2 bars was obtained from bed height of 27 mm éetw45
to 55 minutes.

800 -
700 -+
600 -+
500 S
400 -
300 -+

Temperature (°C)

200
100

0O 5 10 15 20 25

-

30 35 40 45 50 55 60

Time (mins)

—a—Bed (Tg) at Bed Height (77mm)

—o—Bed (Tg) at Bed Height (47mm)

—»=Bed (Tg) at Bed Height (27mm)

Figure 5: Bed tengiare profile as a function of time
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Amount of Steam Generated

Figure 6 presents the amount of steam generatddy/im
The Figure revealed that 5.6 kg/h of steam wasdbup
from bed height of 77 mm within an hour as thedéfed
running time of the experiment. Steam capacity dfgéh

was achieved from 47 mm and 6.6 kg/h as maximum
capacity of steam was achieved from the bed hegta7
mm and this is capable to run a medium capacitgnste
turbine, sterilization of medical equipment.

71
|
6.5
: u Steam
- 1 generated/hr
=) 6 "\
L) :
| |
5.5 1
5 _Lkh s, o 7
I o= S — /
S T R e '/
Saturation : T
st Biad Saturation .
Height(?7en) st Bed Saturation
Height(47mm) __ atBed
Height(27mm)
Figure 6: Rate of steam generation for differert beight
0.04 I
|
w _L D —— .
5 0.03 .
g l T e
E 002 mm B
= ‘ -
. | - T
S 0.01 F B =
- s
0 0 oo @ B
o e ————— ~_,? /
f§°° o%?o ¥ e i
& <& ¥
Q:\ 0'\ 6\0 & \Q‘\
be,"’ ~o°° S 0\«.}’
o® & @ &

Flue gas constituent

Figure 7: Percentage composition of the flue gastitnent
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Analysis of the Flue Gas Emission

The exhaust flue gas of the developed boiler isqmeed
below after being analyzed with a flue gas analygegure 7
presents the exhaust emission in their percentageseen
from the Figure 7, the harmful emissions were fotmde
low to their barest minimum and this is attributedyranular
material which is crystalline in nature that absortiie
harmful gas within the combustion chamber. Thisdgtu
corroborates with the finding of Thenmozhi and Kivaar,
(2013). The oxides of Sulphur were found to be zevd this
can be said to be attributed to low contents ofpBui in
biomass fuel.

CONCLUSIONS

Fluidized bed technology is proving to be the nprsictical
option for biomass conversion. Hence, from
experimental result it can be concluded that that bed
height of 27 mm gives a better fluidization res8lability in
the superheated temperature of steam was obsetvad a
minutes up to 60 minutes with corresponding temnpegaof

Vol. 25, No. 1, Sept. 2018
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