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Bioenergy and Material Production Potential by Life Cycle Assessment in
Swine Waste Biomass
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As aresult of the growing livestock industry, varieties of organic solid and waste biomass are be generated in
swine breeding and slaughtering stages. Anaerobic digestion is a promising altemative for the treatment of
livestock waste biomass, as well as for the material recovery and energy production. Objectives of this study
were to analyze the biochemical methane potential of swine waste biomasses that were generated from swine
pen and slaughterhouse and to investigate the material recovery and methane yield per head. As pig waste
biomass, swine slurry, blood, intestine residue, and digestive tract content were collected for investigation
from pig farmhouse and slaughterhouse. The B, (Theoretical methane potential) and B, (Biochemical methane
potential) of swine slurry generating in swine breeding stage were 0.525 and 0.360 N m’ kg'l-VSadded, the ratio
of degradation (B,/Bwm) was 68.6%. B of blood, intestine residue, and digestive tract content were 0.539,
0.664, and 0.517 Nm"’ kg '-VS.a4eq, and B, were 0.405, 0.213, and 0.240 Nm’ kg"-VS,d4eq, respectively. And
the ratio of degradation showed 75.1, 32.1, and 46.4%in blood, intestine residue, and digestive tract content.
Material yield of swine waste biomass was calculated as TS 73.79, VS 46.75, TN 5.58, P,0s1.94, and K,O
291 kg head”. And methane yield was 16.58 Nm’ head™. In the aspect that slaughterhouse is a large point
source of waste biomass, while swine farmhouse is non-point source, the feasibility of an anaerobic digestion
using the slaughtering waste biomass need to be assessed in the economical aspect between the waste
treatment cost and the profitable effect by methane production.
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Fig. 1. Current recovery and disposal of organic solid by-
products and wastes produced from the swine farming and
slaughterhouse (Dotted line indicates the ranges for life
cycle assessment in this study).
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1996), HgkFs%= F412 TCD (thermal conductivity detector)
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shimazhu, Japan)E 0|83}, 32217 (injector) 150C,
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7 ()E 1T /715 (TS, VS) & v]ZAE (N, P,0s,
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FOE Legt F ouA] AHds}t JA=RS oustaL, Py,
(Nm® head )2 Q&= Hlo|Quj Az ¥e AHAF 7153t )
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PJ[]? Zl ZDUR (i, ) ]I/Ii’ (i,4) (3)
i=1j=1
P,  Material recovery potential (kg head )
i . Processing stage i producing pig waste biomasses
j . Pig waste biomass j produced in each processing
stage
D,  Discharging amount of pig waste biomass j (kg
head )

Y, . Material content (%, w w )

P [PMR, UMR) — E z:lDAu-z (i,5)] I/G'f 7) }/[PAIH‘ UMR (i,j)) (4)

P P
Poyn - Potential methane recovery (Nm® head )
Py, - Ultimate methane recovery (Nm® head ')
i . Processing stage i producing pig waste biomasses
j - Pig waste biomass j produced in each processing
stage ¢
D,,» - Discharging amount of pig waste biomass j (kg
head ")
Cy¢ - Volatile solid content (%, w w )
Y pur - Theoretical methane potential (Nm” kg '~ VSudded)
Y e - Ultimate methane potential (Nm?® kg VSadded)
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AtFeA oA S it o] MY 54 750 A4
FAAE (A7 AT E A= 195, 23.4 k),
SAE 17] 10~153, 50 kg), S5 27] (16~215, 80 k),
Hl S (22265, 110 k) O= F-55f0] Z171o] ARt
oA WAYEl= B3t o] B H315S RDA (2009)2]
<+ AFANE FEsto] skt A= (23.4 k)9
i A 9= = 0.47 kg, 0,71 kgo|9loH, S4
& 17] (50 kg)= B 0.98 kg, = 1.47 kg, SA= 27] (80

o
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kg)+ & 1.55 kg, k= 2,33 kg, HS= (110 kg)+= & 2.12 kg,
br 318 kgo & HX|O] AJATAME Hix WAYRFe] 2fo]z}
2 Aoz AL (Table 1), AN EolA2] TS
e 27.55~29,78%% AR A Q) A= ko] 7HY
o Aog yepton Vs FEkS 19 43~21,00%0.2 &
AT =57k 29 @, AR, A A
o] TS ke 742} 18,00, 29.75, 29.77%, VS TS 17.02,
25.64, 25.36%= UEht Arhd o2 Foljo] 9] TS Fefo]
| UERdth, Hejnfelt and Angelidaki (2009)%= 17| =
4 FARES] J71ast 54 dAtollA] Eolo Tset vs 3
o] Zkzt 17,9, 16.8%, HAUPFFC TS9} VS Frego] zkzt
28.6, 25.6%= & AT A} v|F f71E FREE B
SH3ATh.

U= HIO|R0HA S| HEHEA £ = vlo] A
So] A4 (O H, O, N, 9 54 Zniol Aol 1A 2t
25 Boyle (1976)9] 7% Bl W54 4 ()L o83}
o] 4bE3E o] 24 wEHEld (By), BMP Aol &gt 2|
HERPAL HEIA (B,)S Table 29+ 2t} AY4 BA4w}
AR =2 S2E 5 47189tk 3F8HA2 CyHsOunNuSy
o2 YePgor, BN CigHusOwNarS:, HWER CrrHaiOs
NiSi, W ZHAE CaerHss020oNirS1 0 2 LFEFSTE ZH2E9)
%= vpo|ufjAo] thE SFeHA 0 REE AESE By F
£ &22]olA 0,525 Nm” kg '~VSuu®l AT, B 78
Ao A WAt G, HWAR, AW AEA 22t
0.539, 0.664, 0.517 Nm® kg '—VSuae .2 LFERITH BMP
A@ol| o3t Bz AL} ©AQ] =57 &ejElollA 0,36 Nm’

Table 1. Discharging characteristics of pig waste biomasses produced in pig farming and slaughterhouse.

Chemical content

Processes By-product Discharging unit

TS VS TN P,0s K0

kg day"' head’ %
Piglet Feces 0.47 27.55 19.43 1.02 0.67 0.36
(234 kg)i Urine 0.71 2.30 0.24 0.31 0.08 0.54
Growing I Feces 0.98 29.78 21.00 1.16 0.67 0.52
Breeding (50 kg) Urine 1.47 3.03 0.32 1.19 0.12 0.70
S'fepT Growing II Feces 1.55 29.33 20.68 0.82 0.59 0.26
(80 kg) Urine 2.33 231 0.24 1.45 0.13 045
Fattening Feces 2.12 29.48 20.79 0.77 0.61 041
(110 kg) Urine 3.18 3.08 0.32 1.11 0.15 0.65
Blood - 18.00 17.02 0.23 0.13 0.17
Slaughtering step Intestine residue - 29.75 25.64 1.81 0.19 0.09
Digestive tract content - 29.77 25.36 0.72 0.14 0.05

"Recalculation from the data of RDA (2009).
*Mean weight of pig in each feeding period.
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Table 2. Elemental composition and methane yield of pig waste biomasses produced in pig farming and slaughterhouse.

Elemental composition

Methane yield

Processes Product

¢ H 0 N S Ash Bu B,
% Nm’ kg'-VSadea
Breeding step Swine slurry 412 5.7 28.4 39 1.1 19.7 0.525 0.360
Blood 483 9.0 24.8 14.9 0.4 2.7 0.539 0.405
Slaughtering step Intestinal content 532 7.1 20.8 6.4 03 12.2 0.664 0.213
Digestive tract content 36.7 53 29.2 1.7 0.1 27.1 0.517 0.240
"Theoretical methane potential.
*Ultimate methane potential.
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Fig. 2. BMP curves of pig waste biomasses produced in
pig farming and slaughterhouse.

kg ' —VSuited, =+ 71 THA| ol 0,405, HUIAE 0,213,
ZAHEARE: 0,240 Nm’ kg '—VSuea 2 S E T} (Fig, 2).

Kim et al, (2009)2 = T4, &3 oA x]of|A
gl =5 &eeo] Byt 7H} 0.44, 0,58, 0.57 Nm® kg '
VS ® HISIFE Lee (2007) = =& &322 BMP
A @AT} 3184 H-g7] 9] 27| 7| A%E ol whet B,7} 0,267
~0.430 N’ kg ' —VSuea®] WS Bk Bt vl ¢l
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9l0] (Angelidaki et al., 2009), =] T}oFst HZA1 vlo] Q.
wzso] WEhAE HEIde] Wi TS SaAE BMP Al
go| HEpL a7

=2 Y ol X] XrESH BIFF  FE vro] oA ik
AeAE 24 9 o x| AUt S Table 33t 2T},
%] /\]—0(} 9| (B 526,46 kg head_l)oﬂ/ﬂL + 210,68
kg head ', ¥ 315,78 kg head "7} BHAJ3H= Zo& w}&l
Qlo ‘:'31 whero JAGAEZ 2= 14 2% SAJE 1
7] 19_6% SAE 27] 30,9%, H|SE 35.2%= x}x]s}t A
o2 Yt &5 7k dAlolA= 8 5.07, W
2.78, A AAYE 6,71 kg head Q] TAZFO T ZALE]G]
owuj WA vRo| QuiACER A A|F2] 18,2 %E AFA|SH
i, ARSRANA T 7H A7 Q] vlo] QoA Ay
O 541,02 kg head ' 2 =4 M| 4.7182] #7|EA
Hio] Quj A7} WSk 21 0 82 UERT) Q= Hho] Qo
Al 71% o}L H|ZAJEeF2 A4 558 kg head |, 214F 1,94
kg head ", Z+2] 2.89 kg head ' & AF&E|QloH, AoFctA|
7} A4 (N) 97.3%, 21AF (P0s) 99.0%, 78] (Ko0) 99.3%%
A A= A O 82 eI
OF= dlo] e ul A 0] njelriitol A A Q] ek L 9]
2ol & VS HHAYEES 46,75 kg head "2 UEREOH, A}
FANA 93%7F WAYTH= A 0= AREE| T = Hlol
QufjA0) o] 24 HeHPARES 7|22 ARESE vljgk A4t
AeF2 24,56 Nm” head '¢1.2.1, BMP Aol 2|3t X[t w|
ERYATERS 16,58 Nm” head ' & LFERLE vjeh AYAL ZhAfaro]
67.51%7} oAUA R HAe7Fsst A0R YERTE,
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Table 3. Material and energy recovery of pig waste biomasses produced in pig farming and slaughterhouse.

Discharging Material recovery Energy recovery
Processes By-product amount S Vs ™ 20 <O VR UMR’
2Us 2
kg head™ - kg head” - - Nm® head’ -
Piglet Feces 29.92 8.24 5.81 0.31 0.20 0.11 3.05 2.09
(234 kg)' Urine 44.92 1.03 0.02 0.14 0.04 0.24 0.01 0.01
Growing Feces 41.47 1226  8.64 0.48 0.48 0.48 4.54 3.11
Breeding (50 kg) Urine 61.79 1.87 0.03 0.74 0.07 0.43 0.02 0.01
step Growing II Feces 65.10 1909 1346 053 0.38 0.17 7.07 485
(80 kg) Urine 97.71 226 0.03 1.42 0.13 0.44 0.02 0.01
Fattening Feces 74.19 2187 1542 057 0.45 0.30 8.10 5.55
(110 kg) Urine 111.36 343 0.05 1.24 0.17 0.72 0.03 0.02
Sub sum 526.46 7005 4346 543 1.92 2.89 22.82 15.65
Blood 5.07 0.91 0.86 0.01 0.01 0.01 0.46 0.35
Slaughtering step Intestine residue 2.78 2.00 1.72 0.12 0.01 0.01 047 0.20
Eﬁfsx’tem 6.71 082 071 002 001 00l 0.81 0.38
Sub sum 14.56 3.74 3.29 0.15 0.02 0.02 1.74 0.93
Sum 541.02 7379 4675 558 1.94 291 24.56 16.58

"Mean weight of pig in each feeding period.
*Potential methane recovery.
YUltimate methane recovery.
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110 kg) 2] SAIR EFsl 7Rl A HAlshs @
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kg UEPGTH 9= Hlo|QujAl B 21068 kg head
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