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ABSTRACT The utilization of livestock manure as a bioresource for energy production has emerged as a promising approach, with an
increasing focus on improving fuel quality and combustion efficiency. However, for the effective utilization and broader adoption of
livestock manure as an energy source, research should focus on improving fuel quality and combustion efficiency and conducting
system performance analysis and optimization. In this study, a numerical process model of a livestock manure solid fuel combustion
boiler for farm heating was developed using Aspen plus® to perform the energy and exergy analyses. The energy and exergy flows
were visualized using process stream flow diagrams, and the efficiencies of individual system components were analyzed. The
simulation results indicated that the combustor exhibited the lowest exergy efficiency of 37.08% and the highest exergy destruction
ratio of 69.14%, highlighting it as the most critical component for system performance improvement. Although increasing the hot-
water outlet temperature could improve the exergy efficiencies of both the boiler and farm, such a change may require a different
boiler type, transitioning from an atmospheric to a pressurized boiler, and could result in crop damage due to overdrying. Therefore,
this issue must be considered carefully.
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Nomenclature h  :Enthalpy, k/kg

Cale. - Calculated value LHV : Lower heating value, klJ/kg

E : Exergy, kW
ea(r,) - Standard chemical exergy, kl/kg

m  :Mass flow rate, kg/s
R : Ideal gas constant, 0.287 kJ/kg-K
s : Entropy, kl/kg-K
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Subscript
0 : Standard states
bf : Bio fuel
ch  :Chemical

dest : Destruction
flue :Flue gas

gas : Gas mixture

i - i" components
kn  :Kinetic

liquid : Liquid mixture
ph  : Physical

pro : Product

pt : Potential

urea : Urea solution
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Fig. 1. Schematic diagram of a livestock manure solid fuel
combustion boiler system for farm heating
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Table 1. Properties of cattle manure solid fuel
Parameters Unit Value
Water content % 11.17
Total solid % 88.83
Volatile solid % 53.72
Fixed carbon % 15.57
Ash % 19.54
Higher heating value kecal/kg 3,830
Lower heating value kecal/kg 3,100
Carbon % 35.34
Hydrogen % 4.44
Nitrogen % 1.51
Sulfur % 0.91
Oxygen % 27.00
Chloride % 0.09
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Table 2. Operating conditions and constraints for the simu—
lation of the livestock manure solid fuel combustion

S7t R TSR TX|HE Ha Bz

boiler
Parameters Unit Value
Heating output kWi 600
Operating temperature C 875
Operating pressure bar 1
Excess air - 1.6
Air supply temperature C 25
Pre—heated air temperature (Calc.) °C 93.7
Hot water temperature C 85
Hot water temperature difference C 20
Boiler effectiveness - 0.88
Blower outlet pressure bar 1.05
Pump outlet pressure bar 3
Unburned carbon % 3
Urea solution concentration % 10
Heat loss % 3
Table 3. Efficiencies of components
Components Ise_nt_rop|c Meghanlcal Effectiveness
efficiency efficiency
Blower 0.7 0.95 —
Pump 0.6 0.95
Air pre—heater — - 0.88
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Table 4. Standard chemical exergy

Component (Phase) unit Value

C(s) 409.87

CO (g) 274,71

COz (g) 19.48

Cl (g) 87.10

H; (g) 236.09

H;0 (g) 9.50

H,0 (1) 0.90

Ny (2) 0.72

NO (g) 88.90

NO; (g) ieJ fmol 55.60

N:O (g) 106,90

0z (2) 3.97

S (s) 609,60

S0; (g) 313.40

SiOy (s) 8.20

H (s) 320.82

0O (s) 231,97

N (s) 453.82

Ar (g) 11,69

CH4N20 (S) 688,60
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Table 5. Exergy equations for individual streams
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Table 7. Simulation results for individual streams
Stream Temperature Flow rate Pressure
(C) (ka/h) (bar)
1 25.0 1,161.1 1.01
2 29.4 1,161.1 1.05
3 93.7 1,161.1 1.05
4 25.0 166.5 1.01
5 875.0 1,293.1 1.00
6 25.0 3.1 1.01
7 868.5 1,296.2 1.00
8 105.2 1,296.2 1.00
9 50.5 1,296.2 1.00
10 875.0 34.5 1.01
11 65.0 21,577.4 3.00
12 85.0 21,577.4 3.00
13 65.0 21,577.4 1.01
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Fig. 2. Energy flow diagram of the livestock manure solid fuel
combustion boiler system
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Fig. 3. Exergy flow diagram of the livestock manure solid fuel combustion boiler system

kWOl f-glo} =88 A7} F=7tE FFEm, 228,04
kW7F B2 gt o] IollA] 1,72 kW] 2%
)7} RSt B ollas AariAae] A7) 228,04
kW 9 &=3ka=0] ol 291 Stream 119] 69.11 kW7t 35
), F7F2E 151,27 kWO A X7} HeE T, o] 17
of|4] 103,22 kW] AA|A] 1} 7} HAEEH, 42,66 kW=
7] 8712 FaHch skl 35H AAA] 151.27 kW
L e7tol|A] BeEo] 69,11 kWE HiEEH, %7} 4
TG0l 4] 82,16 kW] A ] whu]7} dhggict, Bde] 2
T w2 PR B FE 5E0] 2,30 kW AxH|EH, 2t

s gl
HEE F3f w7l QoldAE AL 2 A=
ST},

432 UMK 28
WA A2E TR
k.

2 947 BEL ol Fig. 49}

100
90
80
70
60
50
40
30
20
10

99.25

Efficiency (%)

Blower  Airpre-  Combustor

heater

SNCR Boiler Farm Pump

Fig. 4. Exergy efficiencies for individual components

2] BE&E SNCR, 37| o]¥7], B, E=o], 2Y
2], 57k dad o wjlon, dMA agel M &
o B71¢] &L 97.99%01H, A A Fgol] 71
ALA O] A8-2 37.08%°|t}, AAA] AL A7

571
)

oA 7o) ¢ 4 LEAH 20CR TR o] 9]
o, 24 27k 85CR) 2N AHA] BE FAS 91
A B20] 237} SrobAlo} SR, o= A A 57}
oA @ g A ulate, Bl 24 257} 85C
ool AN 71 FFEE APl AMA] £
Aol THs s, 2w7k o obm AglellA TR
24 Belez) ohd 28 B Yej Hulz) bl of
o W Qb Zrol Al o] F71AQ) ] go] WA 4 glom,
E3 o] 2 2EolA 4 B 5P B A 28le A2
u1E o] sjsl7h w4 7] e sl SR o

Al B8 e AR SR o FEol At

z‘;ok

tlo e

A
o

[e=]
=2

4
oF

4.3.3 AMX| o]

AR BE-L S A L0 A A x| ek tir] 4

=
A=

2025, 6 Vol.21, No.2 39



r=
ofn
o
o
gk
10
o

20
riok
P

I
08

o] Bl&ol7] wiZoll ArhAl A ] uh| o] e of
29, Y Tt A fleiE AR stae] Akl
Zasirt, A A" o] AafA] shju]= Fig, 59 Zt.
A Ak, oA stbls dad, B, 57h E
3 SNCR, 371 9]¥7], 2] o2 3oH, A4
|7} 7P e AL 69.14%5 AR5k, o]
7} 0.08%2 7P WQkTt, A A shu|7} Sk e A
Al YA s Fo A Ak vlEo] wrhe Ao, ot
A7} S et ARl oz e e art 5
T e AXA| ol idE A 7S A
fax0f AXA] ThjFo] o ol Solethe AL it
ok 287100 A A Bgt A ] shju] o] 3y wln}
Zgsie}, A2 ag FUsHA 7ol 7P Bajt 4
oae dadolry A agdhes 9] drgoR
iAde] gt FEe Hdejolr), Hdz|ef oA vty
7} s7te] Az utu|En} 7] w2l FdT ae
W Al 71 AR wh S wouy, B
AR mEo] T &2 8ol figo] Eed &
7|17} iAo & o), Hx, 37 A|F7], SNCR
AA] BE L 3l AAA] shje] e 5] digef 74 &9
7h o, 520l XX BE&L JHiHoR WA o
KA ZH]7E 0.08% o2 ZAA] AR wha kol A
A= HlFo] ul-g- Ao, XA 52 ZA AleflE= A
A YA wpFe] A7 78] o). Rdw o] &

T 2E7F oAl Hdw el w7k AAA] &g 74l

Pump Blower
0.37%

_—— Uﬁi“/i Air pre-heater
0.15%

Farm

Boiler
16.70%

Combustor
69.14%

Fig. 5. Exergy destruction ratio for individual components
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