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Study on Characteristics of Biogas Production and Liquid Fertilizer
with Anaerobic Co digestion of Livestock Manure and Food Waste

Woo-Kyun Park*, Noh-Back Park, Joung-Du Shin, Seung-Gil Hong, Soon-Ik Kwon, and Kee-Kyung Kang

Climate Change and Agroecology Division, National Academy of Agricultural Science, RDA, Suwon 441-707, Korea

Objective of this research was to investigate the characteristics of biogas production in anaerobic digestion
reactor with different mixing ratio of food waste and swine manure. It was observed that the highest removal
efficiency of organic material was 80% at 60 : 40 of mixing ratio (livestock manure : food waste). And also
biogas yield was varied due to different mixing ratio of them. The cumulative biogas yield was highest at 60
: 40 of mixing rate (livestock manure : food waste). For use of the liquefied fertilizer as effluent from anaerobic
digester, it was the limited ratio for 30% of co-digested food waste based on its salt content.
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Table 1. Physicochemical characteristics of livestock manure, food waste, and seeding sludge used in the study.

Carbon Hydrogen Oxygen Nitrogen

pH TS VS VS/TS NaCl © ) ©) ™) C/N
% %, dry matter ---------------
Food waste' 39 12.0 9.9 82.5 0.6 47.1 6.6 36.6 5.7 8.3
Livestock manure 8.1 1.3 0.9 69.2 0.1 37.3 5.7 49.7 33 113
Seeding sludge 8.2 22 1.2 54.5 0.3

+Including food waste and wastewater
TS, Total solids; VS, Volatile solids.
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Table 2. Physicochemical characteristics with different mixing ratio of food waste (F) and livestock manure (L) before digesting.

Volume A
- TS A VS/TS - Organic loading rate
Seeding L F Total Material
ml g L' % - g Bottle p— gVS L
R1 80 0 120 92.7 72.0 77.7 14.4 13.46 67.3
R2 80 24 96 75.0 57.0 76.0 11.4 10.46 523
R3 80 48 72 583 433 74.2 8.7 7.76 38.8
R4 80 72 48 46.3 34.0 73.4 6.8 5.86 29.3
RS 80 96 24 26.7 17.7 66.3 35 2.56 12.8
R6 80 120 0 17.3 11.7 67.3 2.3 1.36 6.8

"Total volume of batch reactor, 250 mL (Working Volume 200 mL); Seeding rate, 40%

Rubber tube

Syringe for gas
sampling

Serum bottle

Fig. 1. Schematic diagram of experimental apparatus for anaerobic digestion.

Table 3. Changes of total solids and volatile solid with different mixing ratio of food waste and livestock manure.

Reactors s VS
Initial Final Initial Final
mg L'
R 1 (100F) 92,667 + 6599 25,010 72,000 £ 4546 18,270
R 2 (2L8F) 75,000 + 2160 20,970+ 1197 57,000 = 2160 15,400 £ 1168
R 3 (4L6F) 58,333 £471 17,563 £ 1091 43,333 £ 942 11,593 +2339
R 4 (6LA4F) 46,333 +4109 10,287 +463 34,000 + 4082 6,230+ 416
R 5 (8L2F) 26,667 =942 7,883 +287 17,667 + 2494 4,617 +294
R 6 (100L) 17,333 + 1247 6,420 + 224 11,667 + 1247 3,790 £ 163

T100F, Food waste (F) 100%; 2L8F, 20% L +80% F; 100L, livestock manure (L) 100%; 8L2F, 80% L +20% F.
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Fig. 2. Removal efficiency of total solid and volatile solid
with different mixing ratio of food waste and livestock manure.
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Fig. 3. Changes of pH with different mixing ratio of food waste and livestock manure. a) Initial experiments, b) Final

experiments.

Table 4. Changes of total nitrogen with different mixing ratio of food waste and livestock manure.

Reactors N Variation
Initial Final Amount of Increase Ratio
% %
R 1 (100F) 0.31+£0.038 046+0.217 0.15 48
R 2 (2L8F) 0.30 £ 0.0098 0.43 +£0.015 0.13 43
R 3 (4L6F) 0.26 £0.0011 0.43 +0.009 0.17 65
R 4 (6L4F) 0.24+£0.01 0.41+0.003 0.17 71
R 5 (8L2F) 0.18 £0.008 0.36 +0.007 0.18 100
R 6 (100A) 0.14+£0.017 0.31£0.004 0.17 121




7%

Jastoll A 715w}

Aol AREE TSR] A =4 ‘% 2H7] B
o 2 ARE ARSEH 7]Qlske Ao R weEn O
U A" IN 3 7R 7EERY 8 Jﬂl:e_rol =
OFHSE 48%0| A 12198 IA| F7lete AT Rr)
olfer 7:‘45 Jeong et al. (2009)2] 034 M= oA
#2420} FEE T} 53bE A2 TN 3 B sy
o] EFHEo] TIPS oAl BHE HYth E
g a2 3R] F7]ast AYolA 4097k w71 U
W mE EPxelde AaRge A Ao ws) ok
AL, 7SR Eulgo] EE54E HS
Lol AHFS Wt (Jeong et al,, 2009). 7FEEi
o] 7% EAbulsr U Yol et 3,430 mg L HE
ot} rrujoh= BR7|Xtol| BeEto] l"—l:-_7} olzlthar
H11 (Jeong et al,, 2009) 3}¥=d], 7I&EERS A o
HE =0 olntijolof 2]t Jgko g A“7PE]O—]X =8

Aol

_9_
=

= 234 3 &

a3lof| A vjo] 27149

shago] B 24

e 7FEExl] A7
W SHisk] 98l HZel=
TURIE AlstEe S Holal gtk
A5 234719 S pH7E Wil PEEEI} on §7)
20| Fgo] 2 Hh, VSRl £ otmujolo] g

pHE] S ek T olSE Bl dss Ag

ﬂH

s 7R vAdE A 2483 A4 A5t
i, pH Asls WA & 4= glon, SAE 31]711‘ et
FEE FIAE = YA Fot (Adams et al., 19815 Kim et
al., 2004),

2 AgolA AMEEH THEERS S4AE 287]9 &3
Hl&of T2 FEsx 4 40970 vRg7IZt & HEEEF
W3l Fig 49} vl @R RS JfEREn T SAE
walyle] o) £84G AT Askiol 2 9

& 74 gk

T el A AR Qe eAE 2] § Ei

0.7

wAE2Y719] &8 whE vholerks ALt Yl

ssfole] ou] B4 A 899

lek (NaCl)-2 0,78~4.84% (Jung, 1999; Song et al., 1999)
2 ofaly] miel daddel =2 A= Ve
Q¥sto] Bl AR Aol vl o
Heh #7144 &3 Aol oY 7HA] fr1ed =25 1ol

Ao A7t

T E= 7)o x2FE] = 99 s%TF 2o A
A} el B oll A Asakgol e 4= Stk o
EES SAEY 7143 F2o] Ho] JIE n]A 4
Qg dk”goZ 3500~ 5500 mg L oA duby
A3E YERHIL 8,000 mg L oAt Alzkst ake

|2 A Ec} (McCarty, 1964),

E3 Farast B 4slolg o2 AL SleAe
vl o] "mEgrgetd A% 2 217 (2009, 10, 07|
W 7R A O A1g3l] Ik (NaC)
WS 030152 SR o], o]F WEfolof o
2 Aol ZRsolh, mebd hEEush SAE Ad7|Y
Y agfolA EFElES vlo| ek Fd WARS 7]
HOR A, Wlasiore o
2ol BYEE SAE 29
1 Bk el i 4
B (1 DE ol

o Azl ‘é‘

L =]
= 4d8

Zog AAT =

e e
ofeigel e, Fig 5= gl 4
of 2% Eales 44T
FEL 0.8% olskE §A5H7] Sl o] 1279)
AEadr)e] ool 0,259 71ERwe) Sél%“ﬂl71
o] W& 90:10 ofulrh Hsli @Eo] 0.4%%] SAEL
710 Aol 0.279] F1EEwe} SAELH Y] HlE
& 50:50 o] AMgo] Fhsairha e,

ol
—_ _

n{o s

(NaCl, %)
= () X &S (%) /100 + [S4
o3& (%) /100]

A=

@

oI} B4 F &
o] 60:40 (VIEEk: 24]

>

0.6

0.5 4

0.4 4

0.3 4

NaCl content, %

0.2 4

0.1 4

In.

0.0

NaCl content, %

0.7

b)

11

0.6 q

0.5

0.4

0.3 4

0.2 q

0.1 4

100F 2L8F 4L6F 6L4F 8L2F 100L

0.0

100F 2L8F 4L6F 6L4F 8L2F 100L

Fig. 4. Changes of salinity content before and after digestion with different mixing ratio of food waste and livestock manure.

a) Initial experiments, b) Final experiments
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Fig. 5. Changes of salinity content with different mixing ratio of food waste and livestock manure.
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Fig. 6. Cumulative biogas yield with different mixing ratio of food waste and livestock manure during the digestion periods.
a) Cumulative biogas production in reactor, b) Cumulative biogas production in loading rate
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Table 5. Composition of biogas with different mixing ratio of food waste and livestock manure.

Reactors CH4 CO,
%

R 1 (100F) 6~36 14~45

R 2 (2L8F) 23~40 9~30

R 3 (4L6F) 33~53 16~41

R 4 (6LAF) 40~83 17~50

R 5 (8L2F) 40~64 21~47

R 6 (100L) 44~69 13~55
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