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ABSTRACT Livestock manure solid fuel has been studied as a promising domestic energy resource for reducing greenhouse gas
emissions in agricultural fields. To successfully commercialize this technology, the environmental facilities require optimization in
accordance with domestic environmental standards. In the present study, a computational analysis model of a livestock manure solid
fuel boiler system was developed using Aspen Plus”® to investigate nitrogen oxides (NOx) emissions and NOx conversion efficiency
using urea-based selective non-catalytic reduction (SNCR). All data were compared across different livestock species and simulated at
various operating temperatures. The simulation showed that NOx emissions were the highest from chicken manure and the lowest
from swine manure. However, when converted to an oxygen concentration of 12%, NOx emissions were the highest from cattle
manure. Dominant factors influencing NOx emissions through a range of temperatures were analyzed, and the optimal operating
temperature range (875-950°C) was derived.

Key words Livestock manure(7}<8-1x), Solid fuel(224] ¢4 &), Nitrogen oxides(Z 4 A3}1&), Selective non-catalytic reduction( 4l
Bz 2o $19H), Computational analysis( & Al A1)

Nomenclature FC :fixed carbon, %
A, : actual amount of air, kg HHYV : higher heating value, kl/kg

A o . 3
A. : theoretical air, kg H° : standard enthalpy of reaction, kJ/mol

S LHV : lower heating value, kl/kg
o :air ratio

O; :theoretical oxygen, kg
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Fig. 1. System configuration
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Table 1. Properties of cattle manure solid fuel (validation)

Parameters Unit Value
Water content % 4.34
Total solid % 95.66
Volatile solid % 63.70
Fixed carbon % 11,40
Ash % 20.56

Higher heating value kJ/kg 156086, 34

Lower heating value kJ/kg 14455,99
Carbon % 37.91
Hydrogen % 4,61
Oxygen % 29.35
Nitrogen % 2.26
Sulfur % 0.59
Chloride % 0.38
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Table 2. Properties of livestock manure solid fuel (simulation)

Type Ref WC TS VS FC Ash HHV LHV C H 0 N S Cl
(%) | (B | (B | (%) | (%) | (kd/kg) | (kI/kg) | (%) | (%) | (%) | (%) | (%) | (%)
[25] | 8.13 | 91.87 | 72,00 | 12,13 | 7.70 | 1604297 | 14716.55 | 38.61 | 4,97 | 39.11 | 1,47 | 0.00 | 0.00
o [26] | 13.08 | 86.92 | 51.33 | 9.69 | 25,90 | 13413.89 | 12095.55 | 30,77 | 4.38 | 23.97 | 1.56 | 0.35 | 0.00
[9] | 10.99 | 89.01 | 63.30 | 14.38 | 11,33 | 13444,07 | 1217882 | 35.57 | 4.38 | 35.66 | 1.22 | 0.30 | 0.55
[27] | 8.66 | 91.34 | 57.86 | 11.41 | 22,07 | 16401.01 | 1499485 | 37.64 | 5.26 | 24,51 | 1.63 | 0.23 | 0.00
[28] | 23,20 | 76.80 | 57.40 | 10,00 | 9.40 | 1591268 | 1413238 | 34.60 | 5.30 | 24.00 | 3.10 | 0.30 | 0.20
Swine [29] | 4.40 | 95.60 | 66.30 | 19.60 | 9.70 | 1434563 |12992.74 | 38.66 | 5.50 | 39.51 | 1.63 | 0.60 | 0.00
(8] 11,51 | 88,49 | 62,15 | 9.75 | 16,59 | 1484394 | 13526.24 | 34.33 | 4.55 | 29.88 | 2,70 | 0.32 | 0.12
[30] | 8,32 | 91.68 | 50.60 | 17.86 | 23,22 | 1146522 | 1026290 | 33.16 | 4.40 | 28.77 | 191 | 0.22 | 0.00
[31] | 9.30 | 90.70 | 43.30 | 13.10 | 34.30 | 12596.48 | 11504.20 | 34.10 | 3.80 | 14.40 | 3.50 | 0.67 | 0.00
Chicken [32] | 11,94 | 88.06 | 59.44 | 14,83 | 13,74 | 1274882 | 11509.70 | 34.93 | 4.16 | 30.05 | 4.83 | 0.35 | 0.00
[33] | 9.70 | 90.30 | 62.85 | 14,54 | 1291 | 15298.08 | 13932.10 | 38.65 | 4,97 | 29.48 | 3.52 | 0.54 | 0.23
[30] | 7.63 | 92.37 | 45.07 | 15.25 | 32,05 | 9468.23 | 8409.99 | 26,99 | 3.83 | 26.33 | 2.86 | 0.31 | 0.00

Cattle (ave.) 10.22 | 89.79 | 61,12 | 11.90 | 16.75 | 1482548 | 13496.44 | 35.65 | 4.75 | 30.81 | 1.47 | 0.22 | 0,14
Swine (ave,) 11,86 | 88,14 | 59.11 | 14,30 | 14,73 | 14141.87 | 12728.57 | 35,19 | 4.94 | 30.54 | 2.33 | 0.36 | 0.08
Chicken (ave,) 9.64 | 90.36 | 52.66 | 14.44 | 23.25 | 1252791 | 11339.00 | 33.67 | 4.19 | 25.06 | 3.68 | 0.47 | 0.06
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Table 3. Modeling parameters of livestock manure solid fuel
combustion boiler

Parameters Unit Value

Heating output kWi 200

Operating pressure bar 1

Air ratio (mass) - 1.35

Hot water temperature °C 95

Hot water temperature difference °C 20
Effectiveness - 0.88
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Table 4. Component efficiencies

Components Iesf?r:l;%%'; hi%?gi:gil Effectiveness
Blower 0.7 0.95 -
Pump 0.6 0.95
Air pre—heater - — 0.88
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Fig. 2. Comparison between the experiment and simulation
of the NOx production rate (SNCR w/o)
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Table 5. Correlation factor by livestock species

Temperature (°C) Cattle Swine Chicken
750 0.7993 0.7966 0.7618
775 0.7992 0.7965 0.7618
800 0.7991 0.7964 0.7617
825 0.7991 0.7964 0.7616
850 0.7990 0.7963 0.7615
875 0.7988 0.7961 0.7614
900 0.7987 0.7960 0.7613
925 0.7985 0.7959 0.7611
950 0.7984 0.7957 0.7609
975 0,7982 0.7955 0.7608
1000 0.7979 0.7953 0.7605
1025 0.7977 0.7950 0.7603
1050 0.7974 0,7947 0.7600
1075 0.7971 0.7944 0.7598
1100 0.7968 0.7941 0.7594
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Fig. 9. NOx production rate by livestock species (0. concent—
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