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Design and Fabrication of Biomass and Municipal Solid Waste Carbonizer
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Abstract

Open burning of municipal solid waste (MSW) and agricultural waste causes environmental problems. This
work designed and fabricates community-scale carbonizer. It covered feedstock testing by using MSW and coconut
shell waste (CS). Elemental analysis of the products was performed and exhaust gas was analyzed. From the design,
the carbonizer consisted of a combustion and carbonization chamber. The former generated heat by biomass
combustion and delivered to the latter for carbonization. Flue gas is cleaned by water scrubbers. The carbonization
temperature was 400 °C and the heating rate was 2.4 °C min”". Wet basis yields of char from MSW and CS were
39.2% and 30%, respectively. Carbon contents in the char products of MSW and CS were 37.02% and 83.58%,
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respectively. Total suspended solid in flue gas was 233 mg m™ which passed the regulation. In summary, this work

provides the idea of open-burning emission reduction by using a community-scale carbonizer.

Keywords: Carbonizer; Municipal solid waste; Biomass; Biochar
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Thermo Display Box

Combustion Chamber

Charcoal Chamber

Figure 1 Design of carbonization reactor.
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Figure 2 Working principle of carbonization reactor.
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Exhaust gas

Scrubbing Tower 1

Figure 3 Working principle of gas cleaning system.
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Table 1 Municipal solid waste composition.

Composition As received basis (wt.%)
Organic 52.9
Plastic 20
Paper 10.9
Textile 3.8
Wood 1.8
Rubber 0.1

u1: lasenisdrsiaualinsziesnuseneurezyar oy
YUYUNAUIATIUTENA NTUAIUANNATNY W.A. 2547
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Figure 4 Carbonization reactor: 1. Carbonization
chamber (Right) & Combustion chamber (Left) 2. Gas

cleaning system 3. Insulation 4. Temperature monitor.
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Figure 6 Temperature during the experiment.
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Table 2 Product yield.

Material Product yield
Sample input
(kg) (kg) (%)
Coconut shell 24 9.5 39.6
Municipal solid
10 3.0 30.0
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Table 3 Ultimate analysis of product.

Chemical composition (wt. %) HHV
Char
) (MJ
product  Carbon  Hydrogen Nitrogen )
S
Coconut 28.09
83.58 3.06 4.01
shell 10.06
Municip
. 59.23%1.2 19.47
al  solid 5.11£0.0 7.60£1.96
+0.06
waste

'
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Table 4 Result of t-Test: paired Two sample for Means.
Sample X SD t df  sig

Coconut 6709.15 10.3 5150 1 0.00
shell 5

Municipal 4649.15 995 NA NA  NA
solid waste
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Table 5 Exhaust gas during carbonization of MSW.

[tem Unit Results
Atmospheric pressure mmHg 759
Temperature at chimney °C 34.60

Gas velocity ms’ 5.800

Flow rate Nm’h* 164.07
Oxygen % 10.30
Carbon dioxide % 573
Moisture % 3.65
Total suspended 3 177,
particulate msm 233*

* Adjusted to 7% oxygen in flue gas.
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