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This study was carried out to assess bioenergy conversion efficiency by biogas and solid fuel production in the
cattle feedlot manure discharged from beef cattle bam. Feedlot manure was sampled from the cattle farmhouse
located in Yong-in, Gyeonggi during the mid-fattening stage, periodically. The chemical characteristics, BMP
(Biochemical methane potential) and HV (Heating values) of feedlot cattle manures were analyzed. Total solid
contents of cattle feedlot manure were in the range of 29.98~44.28%, and volatile solid contents were in the
range of 23.53~24.47%. In the anaerobic digestion of cattle feedlot manure, the methane production potential
has increased from 0.141 to 0.187 Nm’ kg'l-VSadded. The methane production of fresh cattle feedlot manure
showed the range 0.141~0.187 Nm’ kg"-Manure (average 0.047 Nm’ kg'l-Manune), the LHVs (lower heating
values) of the produced methane were in the range of 316~560 kcal kg'l-Manune (average 400 kcal kg'l-
Manure). In the direct combustion of fresh cattle feedlot manure, the LHVs were measured in the range of
747~1,271 keal kg'l-Manune (average 916 kcal kg'l-Manum), and LHVs of solid fuel which have the water
content of 20% were in the range of 2,694~2,876 kcal kg'l-Manure (average 2,791 keal kg'l-Manune). Then,
the drying energy of average 443 kcal kg'-Manure was consumed in the production of solid fuel which has a
water content of 20%. Therefore, the direct combustion of cattle feedlot manure showed about 2.3 times higher
LHYV than the LHV of methane produced by anaerobic digestion. And LHV of solid fuel was about 6.0 times
higher than the LHV of methane produced by anaerobic digestion. Then, the production of solid fuel presented
more bioenergy conversion efficiency than the biogas production in the bioenergy use of cattle feedlot manure.
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The direct combustion of the cattle feedlot manure showed about 2.3 times higher LHV than the that of methane produced
by anaerobic digestion. LHV of solid fuel was about 6.0 times higher than the LHV of methane produced by anaerobic
digestion. Then, the production of solid fuel presented more bioenergy conversion efficiency than the biogas production in
the bioenergy use of the cattle feedlot manure.

Anaerobic digestion Solid fuel
Breeding ; ; : :
period Methane potential & production Caloric value Caloric value
B, MP* HHV* LHV' HHV (wet basis) LHV (wet basis)
Nm’ kg'l-VSadded Nm’ kg"-Manure ---------- keal kg'l-Manure -------------------- keal kg"-Manure ----------
7 0.141 0.037 351 316 1,296 849
28 0.176 0.041 393 354 1,187 747
49 0.166 0.043 409 369 1,285 855
70 0.160 0.042 399 359 1,295 860
91 0.188 0.065 621 560 1,700 1,271
112 0.187 0.051 487 439 1,347 911
Average 0.170 0.047 443 400 1,352 916

"Biochemical methane potential, *Methane production, §l-[i,gher heating value calculated by the caloric unit of 9,500
kcal/Nm’-methane, "Lower heating value calculated by the caloric unit of 8,560 keal/Nm'-methane.

*Corresponding author: Phone: +82316705665, Fax: +82316705666, E-mail: yyman@hknu.ac.kr
SAcknowledgement: This research was supported by Bio-industry Technology Development Program, Ministry of Agriculture, Food and
Rural Affairs.



698 The Bioenergy Conversion Characteristics of Feedlot Manure Discharging from Beef Cattle Barn

Introduction
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Table 1. Composition of feeding material used in the mid-fattening of beef cattle.

Items Dry matter Crude protein Ether extract Crude fiver

Ash

Nitrogen free

extract
% (W/w)
Values 97.77 12.65 4.89 11.47 9.81 58.95
Table 2. Chemical composition of inoculum.
Volatile Total Volatile Fixed Total
Parameter pH Total solid . Fixed solid suspended suspended suspended CODc: . "N
solid . ) . nitrogen
solid solid solid
% (w/w)
8.79 3.21 1.73 1.48 1.91 1.24 0.67 1.89 0.57 0.41
Inoculum ¥
0.1 (0.13) (0.08) (0.05) (0.23) (0.08) (0.16) (0.26) (0.06) (0.04)

"Number in Parentheses means the standard deviation (n = 3).



700 The Bioenergy Conversion Characteristics of Feedlot Manure Discharging from Beef Cattle Barn
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Results and Discussion
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Table 3. Chemical composition of the feedlot manure discharged from beef cattle bam during the mid-fattening period.

Mid- Total Volatile Fixed

fattening Total solid Vola'tile Fix‘.:d suspended suspended suspended  CODc T otal NH,"-N Water
period solid solid solid solid solid nitrogen content
days % (W/w)

7 32.06 26.20 5.87 29.82 25.47 4.36 15.43 0.84 0.23 67.91
(0.40)' (0.62) (0.30) (0.30) (0.34) (0.40) (0.18) (0.02) (0.01) (0.40)

28 29.98 23.53 6.45 24.56 21.02 3.54 28.68 0.94 0.32 70.02
(0.38) (0.10) (0.43) 0.47) (0.07) (0.52) 2.11) 0.01) (0.01) (0.38)

49 33.03 25.93 7.10 26.63 20.40 6.23 29.70 1.21 0.27 66.97
0.75) (0.70) (0.10) (0.84) (0.80) (0.05) (0.46) (0.10) (0.01) (0.75)

20 32.79 25.18 7.62 24.98 23.37 1.61 15.72 1.11 0.27 67.21
(0.30) (0.42) (0.19) (0.75) (0.52) (0.50) (3.34) 0.12) (0.02) (0.60)

01 44.28 33.85 10.44 39.11 33.13 5.97 16.78 1.45 0.27 55.72
(1.51) (1.10) (0.45) (2.07) (1.02) (1.02) (1.88) (0.10) (0.06) (1.51)

12 35.55 2747 8.08 29.99 26.26 3.73 16.68 1.07 0.21 64.45

(1.41) (0.83) (0.60) (0.54) (0.73) (0.36) (0.30) 0.04)  (0.005)  (1,41)

"Number in Parentheses means the standard deviation (n = 3).

Table 4. Solid composition characteristics of the feedlot manure discharged from beef cattle bam during the mid-fattening period.

Mid-fattening . . . . Total Volatile Fixed . .
. Volatile solid  Fixed solid suspended suspended suspended Total nitrogen NH; -N
period solid solid solid
days % (W/w)
7 81.7 18.3 93.0 79.4 13.6 2.6 0.7
28 78.5 21.5 81.9 70.1 11.8 3.1 1.1
49 78.5 21.5 80.6 61.8 18.9 3.7 0.8
70 76.8 232 76.2 71.3 49 3.4 0.8
91 76.4 23.6 88.3 74.8 13.5 33 0.6
112 77.3 22.7 84.4 73.9 10.5 3.0 0.6

Table 5. Elemental composition and heating value of the feedlot manure discharged from beef cattle bam during the mid-fattening
period.

Mid- fattening Elemental composition -
period C H o N S

days % (W/w) kcal/kg

7 39.09 5.46 37.82 2.29 nd. 4,040

28 38.83 521 34.15 2.48 nd. 3,960

49 36.00 4.80 19.65 2.79 nd. 3,890

70 38.05 5.02 19.18 2.70 nd. 3,950

91 36.50 4.80 20.97 2.62 nd. 3,840

112 37.67 5.05 22.09 2.76 nd. 3,790

Average 37.69 5.06 25.64 2.61 - 3,912

THea‘cing value by Bomb calorimeter.

7] & NEE AN B2 Aol A 257 W2 9 SHHA LERd Ho| S o= whepEny, mEkA B dtant
7] 713 S 2204 e 2ol Wot k- Eixo] © 22 7] 7len SR 8 FH-AR HiEE Wel vl

A

A Z1R18k= fr7lEo] SA T AR 9)7] 7123} 5 AE o] i WA fAEE 54T 2ol dofl
wo] AFso @ nlAEo] SAT} obmole] BAKFo] =7} AR A Q7] 7|3} HErt sl s1a 7)o AAabst
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Fig. 1. Cumulative methane production of the feedlot manure
discharged from beef cattle bam during the mid-fattening
period by BMP assay.

7¥sto] A7) (112¢) 0.187 Nm® kg '—VSwia® 2715}
St o2 vEAHE AL TA) VSRR YA
2 7|28 4SS o]24 Ao wietAFCE ARSI 5
o] &4 wegAt eI e oF 25~ 38%7f AA| Hgte &2 X
3+ (By/Bw) == AL R YERTE o= Kim et al. (2011)°]
F=&eigolAe o2 oetdilsdld 0525 Eaigh
Nm’ kg '—VSuueaoll AEZ dlebyaseld 0,360 Nm’
kg '~VSuued, PIEAEE (Bu/Bu) 68.6%2t v]mahd wf$-
HEdgEe-S YehSitt 14 7R oA UERt
2 e Ehe-e TSR] tRFoR - o
17| vio] @Al FREe] e 7|4 {7]= &

Oﬂfﬂ 71%15k= AR AhE)
e *&iﬁl*é—% Aot At 7SR R YE
F (kg) HEF AR xFS27] (7Y) 0.037 Nm® kg '—
ManureZ RO, AR&-37] (912)0]= 0,065 Nm’ kg '—
Manure7}2] 27187} AR 2] (1122) o= 0,051 Nm®
kgfl—Manurei Zastgck AR7|17F S A VR Y
=9 (kg) AY4kE vlo] @ 7pA0] o2 7ER]= wgk A4leF
T} 5T AFS eI AU DTS 316 keal kg
oA A7) (919)0fli= 560 keal kg 7H4] Z7} st}
Ala%ﬂ*ﬂ (112%)olli= 439 keal kg 9] olf#] 7}AE Ho]
o vkt o7]4 WErkae) B9 RS E3

v
lo

g

AL

(I [
ox [|r
JPU
mN

e
ot
Y

a—}x] or Az 7|A|2A] I FERS 9,500 keal kg O]
™, XH“E%‘ T A gdmol 23 RS ast
o] 8,560 kcal kg ot} whehA] wg7FA0] 9P A et
Aol % Tl kel glol 2 AolE UEhA|
o= 540l Qirh

IXHZE} ol X] ME EM 1A} 7R o] 14
ARIIA] o g7 A2 %ﬁj»&— Table 7o LFERJQIT) 3Ho-
EHFALlA wiE s 4 7SR HEVE (5719

o||

Table 6. Methane potential, production and caloric value produced by anaerobic digestion in the feedlot manure discharged from

beef cattle bam during the mid-fattening period.

Mid-fattening

Methane potential & production

Caloric value

period Bu' B.! MP* HHV' LHV'
days = - Nm® kg'l-VSadded --------------- Nm’ kg'l-Manure --------------- keal kg'l-Manure ---------------
7 0.437 0.141 0.037 351 316
28 0.462 0.176 0.041 393 354
49 0.606 0.166 0.043 409 369
70 0.633 0.160 0.042 399 359
91 0.593 0.188 0.065 621 560
112 0.589 0.187 0.051 487 439
Average 0.553 0.170 0.047 443 400

"Theoretical methane potential,
caloric unit of 9,500 kcal/Nm3-methane,

*Biochemical methane potential, *Methane production, '”Higher heating value calculated by the
Y Lower heating value calculated by the caloric unit of 8,560 kcal/Nm*-methane.
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Table 7. Methane potential, production and caloric value produced by anaerobic digestion in the feedlot manure discharged from

beef cattle bam during the mid-fattening period.

Caloric value

Mid- fattening T T § q $
period Water content HHV LHV LHVy DEqy Net LHVao
(wet basis) (wet basis)
days Yo(W/w) keal kg'l-Manure

7 67.91 1,296 849 2,876 403 2,473
28 70.02 1,187 747 2,823 417 2,406
49 66.97 1,285 855 2,785 396 2,389
70 67.21 1,295 860 2,823 398 2,425
91 55.72 1,700 1,271 2,745 321 2,424
112 64.45 1,347 911 2,694 379 2,315
Average 65.38 1,352 916 2,791 386 2,405

1Higher heating value in the wet basis, Lower heating value in the wet basis, ‘Lower heating value in the water content of

20%,
value in the water content of 20% (Net LHV2 = LHVy —

oprdeke. AR27|7F F 1,187~1,700 keal kg 2] W]
Ak wEpA of|q x| & Flg=olgo] 7hsEh A9
2 747~1,271 keal kg '] W& Bt 14 7fEER
B A7 5 g, S 9 Hatet dA 4 7t
Stk 3o o] ok & 540 slow, et
a5 d=9 l%%l 4 X%%’%‘%‘%%*Ol S
ek, whebd TR 1
Al (ME, 2015)94= 71
20%0|5=2 AT Yo,
2 SEEREF 20%E A%
% 2,694~ 2,876 kcal kg '¢] ¥<]
713+ (539 kcal/kg—water) T
T xR o}
1=3t A3} 321~ 416 keal kg '

o
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ManureZ UERGTH R Blo]Q7FAS oAdl= AL A
odradare. Wt 400 keal kg '—Manure©| it} ESH 1AL
7hEe o] A AR Fe YEL] A EHS B
916 keal kg 'o|lt}. wela] 1A 7fE R QJES 2F &
7143} ok 490t dES AH dbske A

P53t o Ale] ke HHALT} vl laslel vl

]
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2,791 keal kg '~Manure©]10H, EQE= AZo|A|=
oF 386 kcal kg '—Manure O 2 LFER} 2B 20%= 7 25k

'”Drying energy requested to the water content of 20% (Drying energy unit
DEx).

539 kcal/kg-water), "Net lower heating

g &HEE YA E ALlsh T EaFS 2,405 keal kg —
Manure®|$it}. E}E]'/ﬂ I 7EER HUES A €71
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