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Combustion Characteristics of Cow Manure Pellet as a Solid Fuel Source
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ABSTRACT: In Korea, 51,013 thousand tons of livestock manure was generated in 2018. A total of 46,530 thousand
tons, which is 91.2% of the total amount of livestock manure generated, was treated by composting(40,647 thousand
tons) or liquid fertilization(5,884 thousand tons) method. At present, the policy of livestock manure treatment in Korea
is to make livestock manure into organic fertilizer(compost, liquid fertilizer) and then to applicate it on agricultural land.
And this policy is very effective in terms of livestock manure treatment and nutrient recycling. However, considering
the steadily declining farmland area for decades, the use of livestock manure compost could be limited in the future.
There is also concern that local nutrient overloading, nutrient management regulation, and restrictions on the number
of livestock may become serious problem for livestock manure treatment. In addition, there are some opinions that nutrient
derived from livestock manure may flow into tributaries of major dams. In recent years, there has been a suspicion that
fine dust may be generated from livestock manure compost. In recent years, the use of livestock manure fertilizer has
been rapidly increasing, there is a growing demand of the development of new technologies for livestock manure treatment.
Especially, cow excretes a larger amount of manure than other livestock, so that the efficiency of development of new
technology for cow manure treatment will be high. Therefore, in this study, the combustion characteristics of cow manure
pellet were investigated in order to analyzed whether cow manure could be used as source of solid fuel. During the
combustion test, the weight loss of the cow manure pellet began to increase when the temperature of the combustion
chamber reached 300°C. The ratio of H,, CHi, CO in the pyrolysis gas produced in the pyrolysis process of cow manure
pellet were 6.65~11.62%, 0.58~1.54 and 11.47~14.07%, respectively.
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Fig. 2. Sphere type cow manure pellet manufactured in this study.
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Table 1. Experimental Conditions for Thermal Analysis Experiment
ltem Condition
Temperature 20 C — 900 C
Temperature rise condition 10 C/min
Gas flow rate 50 mL/min (N2)
Sample weight 10 £ 0.2 mg
Table 2. Characteristics of Cow Manure Pellet
Size Specific gravity Moisture content Compressive strength
Diameter 5 mm 250~350 kg/m’ 20% 27.5 kg/em’
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Fig. 3. Results of thermal gravimetric analysis of cow manure.

Table 3. Chemical Composition of Cow Manure Pellet

Classification C(wt.%) H(wt%) N(wt%) S(wt.%) Moisture(wt.%) Volatile(wt.%) Ash(wt.%) Fixed Carbon(wt.%)
Compost 55.159 5.731 1.995 0.003 11.521 87.760 0.410 0.310
Compost pellet  52.386 6.275 2.774 0.001 10.172 82.024 6.921 0.883
Cow manure 40.844 7.480 1.599 0.000 8.878 72.615 14.964 3.543
Table 4. Concentration of Heavy Metals in Cow Manure Pellet
Classification As(mg/kg) | Cd(mglkg) | Pb(mg/kg) | Cr(mglkg) | Cu(mg/kg) | Ni(mg/kg) | Zn(mg/kg) | Hg(mg/kg)
Compost N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.001
Compost pellet N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.012
Cow manure N.D. N.D. N.D. N.D. 1.924 N.D. 8.825 0.007
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Fig. 4. Generation of hydrogen, methane, carbon monoxide from cow manure by heating with high temperature.
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Table 5. Elemental (C, H, N, S) Composition Ratio of Tar

Classification C(wt.%) H(wt. %) N(wt.%) S(wt.%)
Compost 83.992 4574 5452 0.001
Compost pellet 89.203 4199 6173 0.000
Cow manure 62.654 7.982 5.178 0.000
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Table 6. Non-condensable Gases Generated by Each Experimental Stage

Non-condensable gases, [mol %)]

Classification

H; 0] N2 CHq Cco CO;
Initial 6.6544199 0.0317305 0.5218232 1.5419103 12.85888 10.52239
Stage Middle 9.18122 0.0268932 0.4686188 1.41305 14.077725 10.52239
Finish 11.622773 0.0187268 0.475162 0.58028 11.474628 13.317194
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