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Preliminary Investigation of Emission Characteristics of Shaving from Three Wood Species
Utilized for Furniture Productien in Ibadan, Oyo State
ENzaAsdewolef, M. O. Oyewola’, T.A.O. Salaw’, R. O. Bello' and T.O. Raji’
'Department of Agricultural and Environmental Engineering, University of Ibadan
?Department of Mechanical Engineering, University of Ibadan

ABSTRACT

Carpentry workshop is among the prominent and active components of the N;genan wood mduslna!
sector. The activity in carpentry workshop inevitably generates dnﬂ'mnt cdtegoncs \of wf'astcs

Shavings is among the wood wastes generated in large quanmy and the common means of dlsposmg
it in major town like Ibadan in Oyo State is by combusting. Large percentage often: Fi[fds its way to
household where it's often used to subsidize fuel for domestic coakmg. _Howcver. this means of
disposal may be prone to health hazard due to the emission feleased during its combustion. This
work examines the combustion characteristics of lhree typlcal wood sp:cnzs that are commonly use
for furniture production in Ibadan, Oyo state. The %pc;c:es iyere combusted in Bubbling Fluidized
Bed (BFB) combustion under various ope@tmg‘ congguons_. The result shows that Carbon monoxide
(CO) emission is pronounced in the comﬁusli’qn of all life wood species. In all the three cases,
Milicia excelsa (Iroko) and chtona" grandis (Teak) have the lowest and highest CO emission
respectively. It is suggested that if this waste must be used as fuel for domestic cooking, appropriate
technology must b&j mployed especlally where low combustion temperature is desirable. However,
proper dwposnﬂ% llus was”tc shcruld bc encouraged.

Keywords “gooden%f\'umture Waste . disposal, Wood shavings, Emission characteristics,

-;.;Cl T
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INTRGDUCI‘ ION r =

%2002 about" ihn:c billion people in developing nations were said to have relied on
blom\ys.d‘n for&ﬁf wood, charcoal, and other agricultural residues as source of their domestic
cooking fuel {'E'zzan and Kammen, 2002). Nigeria's population was cstimated as 140 million
according to the population census figure released in 2006 and about 70% of this population leaves
below poverty level (Onibokun,and Kumuyi, 1996; NPC, 2006,). By 2012, the population of
Nigerian relying on biomass as main source of domestic cooking fuel may have increased
tremendously in view of increase level of poverty and un-ending population growth. Cooking will

most often carried out indoors and in environments that lack proper ventilation by this considerable
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It is for this reason that this study was initiated to examine the emission characteristics of
wood waste from harvested carpentry workshop in Ibadan in the form in which users often utilized it
as fuel for indoor cooking with a view to ascertain their health hazard on comparison basis with
another leading alternative biomass that are used for same purpose in both rural and urban areas of

Ibadan, Oyo State, Nigeria.

MATERIALS AND METHODS

wood shavings samples were fed in batches.

Table 1: Characteristics of the Biomass Fuel Used .

Parameters ctona grandis | Millicia excelsa

(Teak) (Iroko)

Bulk density (kg/m) 15 100
Feed rate by batch feeding (kg/hr)‘ 2.18 23
Moisture content i '{f@fx -':;(Qrgen 8 Green Green

,; ‘*cna e %]

L (¢
! -

Description uneven shaving | uneven shaving

b) Landosan c) Iroko

Plate 1: Sample of the Shavings from the Three Wood Species Used for the Study

The experimental model BFBC employed for this investigation has been described in details in
another article (Raji et al, 2011). It consist of five 150mm diameter stainless steel modules joined
together to form the combustor body. The whole arrangement is partitioned into lower and upper

section; module land 2 forms the lower section while the remainder fully assembled form the upper
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section as shown in Figure 1. The objective of the partitioning is to enable observation of the
fluidization process and the combustion process at start up or anytime necessary as well as to enable
determination of the fuel feed rate and the bubbling regime at room temperature. The distributor

plate sandwiched between module 1 and 2 is fabricated from 10mm thick stainless
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i i 2900
Biomass feeder
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DiSU‘ibtlt(%lEit: . - - |- lower secti
=

arinviag——1 o

D150

----- nine thermocouples (T1 — T9) arranged
axially along the combustor body.

G Fluidizing air pre-heater/Biomass feeding
pipe’s cooling attachment.

Lower section 1s module 1& 2

Upper section is module 3, 4& 5

o Pressure Tap

Figure 1: Schematic Drawing of the Developed BFBC.
steel plate bearing 13 standpipes. Each standpipe has forty 1.5mm holes drilled radially around it.

Silica sand, mean diameter of 500micron is employed as the inert bed material. Supply of the test
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fuel from the hopper to the inert bed was done with a conveyor-screw type biomass feeder equipped
with an infinitely variable speed gear motor; the feeder discharge is located 400mm above the
distributor plate. At the junction between biomass feeding pipe and the combustor body a fluidizing
air pre-heater / biomass feeding pipe’s cooling attachment was provided. This was to prevent the
biomass from buming before entering the fluidized bed and to utilize the heat energy that would
otherwise be wasted and consequently cut down the fuel usage per useful energy generated this unit
is shown as G in Figure 1. To prevent excessive heat loss ceramic msulauon of thlckness 75mm
secured by means. of 0.5mm galvanized steel plate was used to cover the combustor body from the
distributor plate to the last module. The BFBC was also cqulppcd;wﬁh Ja.n men bed te vperature
regulating unit (ITRU), which enables the capability to fix the mert'bed tbmperature to an;' specific

G, @ ol

value during the experimental runs. It does this by swntchmg‘n and= the fuel/ anr‘suppiy as soon

as the pre-set inert temperature is reached. The frequency of sw1tchmg 1s an indication of the

intensity of combustion taking place within the inert bed; the hlgher the mtensaly the higher the

frequency; converse is the case when there is no sw:tchlﬁﬁ*% off.

With the control switched on, fluidization m%%%thé’genmfugal blower was tuned to achieve
a bubbling inert bed condition; at this pOInt propa ’”Elgg}gas“p s?dl ough 8mm diameter stainless steel
pipe located 10mm above the dlstnbutor plate was sﬂuched on and ignited; allowing the inert bed
temperature (Tp) to rise to 600°c thls took about ﬂgﬂmnutes Prior investigations had revealed that

the more turbulent the mert bed unng preheatmg the faster the specified inert bed temperature is

achieved. The wood was m Ily fe d into' the mert bed via the fuel chute. The composition of the
flue gas (CO, CO;, NOX, SO,‘), andﬁ’"Excess Air (EA) were monitored using BACARACH PCA 3 flue

gas analyser connected to a port locatr:d afier the gas cyclone separator inlet; temperatures were

taken from nine zones,.l_ocated.a_lkong the combustor height via Type K thermocouples fitted to the
first 8 'ipnes and ifisbuilt iei_xppe;a;mre sensors of the BACARACH PCA 3 records the temperature in
the riipth t%gpe.’ Thevt_hermblcouple for zone 2, inert bed upper region was connected to the ITRU and
this té‘fupgrﬁﬁge ‘Tg;ﬁr Ty’ in all the experimental runs was set as 750°C. This temperature is taken
by the thermocouiple located 20cm above the distributor plate. T1, T2, T3, T4, TS, T6, T7, T8, and
T9 are located. 10cm, 20cm, 35cm, 80cm, 120cm, 160cm, 200cm, 240cm and 260cm respectively
above the distributor plate. The results of the experimental runs for different particle sizes are

presented next,
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RESULTS AND DISCUSSION

Combustion of all the waste samples was characterized by low feed rate (<2.4kg/hr) because
of low bulk density of the wood waste samples. By inference this signifies low energy density and
this coupled with fact that the BFBC is designed for fuel feed rate of 4kg — 6kg/hr had a significant
impact on the thermal and emission results as well as the course of the investigation. For each of the
fuel, experimental runs were planned for five EA (20%, 40%, 60%, 80% and 100?46‘);&113{_9wevcr dueto
the maximum possible feed rate for the wastes, which ranges from 2.1-2 3kgffi§r co[fif"ibustion was
done at high EA, most of the time at EA>150%. The use of batchloading Pn) e quite fmlifl.ll since
due to this the EA goes down at the point of loading thereby enablmg,obtammg rESullS for EA—IOU%

\m‘

for each of the samples as shown in Table 2

Emission value obtained were converted to emission valué A

plotted against the percentage of EA. Interestingly, all the w:

Run Iﬁ;pxo"Liiigsmd.‘AN‘“TEAK PKS [b]

Tempm%}d‘é*ga: 1103%?;{% 109% | 100%
T;‘ %2@%20%}5 165‘-;:,q 138 662
. 690 750

662 730

605 523

588 436

548 404

536 363

492 332

388 241
|coe) 859 1250 1420 91
COx6) 103  10.1 102 10
1N(o () SR — 175
SOMB) 1800 - e 00 s 54

------ = value not displayed (O; >16% in flue gas)
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Observations
i) The bulk density had significant impact on the temperature profile; the particle being very light are
easily blown to the freeboard zone where they bumn therefore the higher freeboard temperature

obtained for the three wood waste in comparison to PKS is shown in Figure 2.

ii) The bulk density also had drastic impact on the bed temperature; the result shows, that the preset
temperature (T2) of 750C could not be achieved for the three wood wastes an indication of minimal
char combustion / low combustion intensity in the bed region. Also, T1 for'the wood chaffs<< Tl
(PKS) is shown in Figure 2. ()

| i
iii) CO in the flue gas was also disproportionately high comﬁﬁf::to{PKS. This ind‘iv'véatc significant
heat loss due to incomplete combustion and hence lower cémbu;tionuvé‘fﬁciency when compare to

PKS at equivalent EA.

L
T*C
800 -
700
600 -
500 -
400 -
300 4
200 -+ . —+— Irako —u— Landosan
100 - —a— Teak —— PKS
o T
Tl T2 T3 T4 T5 T6 77 T8 19
Temperature Zone

Figure 2: Temperature Profile of Iroko, Landosan, Teak Compare to PKS at EA= 100%

Pollutants Emission
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2. Teak showed the highest peak temperature while Landosan showed the lowest peak temperature
reflecting their heating values. It is therefore recommended that wood chips in view of higher bulk

density and hence higher energy density should be used for the experiment.

3. The wastes have high Carbon monoxide (Co) emission as compared with Palm Kernel Shell (PKS)
suggesting that they possess high risk to the environment. It should be noted that smce the Excess
Air (EA) condition during this experimental investigation is akin to the prevalllng conchtlon during

by,

open air burmng of this wastes, the CO emission is most likely to be snmla

; lTherefore, it may be

f
0,
Landosan and Teak, as in the case of using to subsidize the domesjlc cb(’jk.lpg fuel it should not be

done indoor but at a sufficiently distance from living area. Meanwhllc%lwood shavmgs from these
wood species may be used as fuel if appropriate tecth(logy is employed in their processing such as

densification at a temperature above 300°C.
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