‘Fﬁ@fr’ré[t’ 47(1) - 43-50,2014 43

PEEE 2 URE IR BRHR 2 BOK

~ S / 1
F ARZBEY

alv

GIPFRS FPEIEC MER D BIE WO MO M O

U FI30] 0 102 5 7 F] 29 FI s -0 F I 0 102 & 12 5| 31 f!

W B

%iﬁfw$%%iﬁﬁl%§?ﬁt ﬁa@ﬂvﬂ j<YplY — ’@W%¢ﬁféﬁﬁgubfmﬁ
SIS F%@'Tﬂgﬁ”%@iﬁ' PIP=A P T Ut"rﬂ [P o PR }ﬂf' R 'ﬂ&ﬁﬂ [SRIApYES
%ﬁ.lﬁ%ﬂﬂﬂjm*wﬁW*Emgﬁﬁﬁ“@@%ﬁﬁﬂﬁ<@ﬁiiﬂw N7 I
T BN L 1 s o 3 I SRR 30°C (U30) ~ 40°C (U40) MV B ECEENS ¥ 2 (HW)
S (HS) A 15 ST o SRR+ U30 - 40 ~ HS S HW ALY 15 5 V{5 A T
%OAZ\Qﬂ‘OZT%OD4UgV&Md’F %?“JP%%&WWﬁH;ﬁE%Jr““%ﬁ&Vﬁgl’ﬂFJﬂﬁss
7n%yﬁoﬁrys%@ﬁ%%ﬂf&@@3«ﬁﬁ§ﬂm’;@W9«ﬁﬁ 90% I'| b i o 2k I
F%_’H%EEFLHMOQ@%WW%@EMF«W&E%NW%H??HWEHBf&ﬂas%o

ﬁ%ﬁiéiﬁ#‘%%\ﬁéﬁﬁo

i

Lo 2011 & 57 5 wPHERSEL 12 ﬁ@?‘ (RG5> 2011) » PN~ PR 4 =~k 4
20 2V AVEREPET qgﬁJE¢87ﬂ@m#§@§(%ﬁﬁ%EBHWﬁ’ZMMOgﬁiﬁﬁﬁﬁ
[y Ay A g o5 BR k= ﬁﬂﬁ?“g‘?%f“ﬂw#f [ o= fg' A&l Dyt H ﬁ??&gilﬁlg‘ | E
i R ) T AR N U i -1E TR AN %4ﬁ*ﬁﬁﬁ?@@ﬁ%ﬁ%ﬁ@7H$%ﬁ”%ﬁ’W%
PRI TRET s G VTSP SRR VS S AR RO~ (Bergman er
al., 1998; Sanchez et al., 2000; Amon et al., 2007) ° 7?{9’?{]![“?"] 50 — 70% pruF Ik Fﬁrﬂf:ﬁ@—k%q;@ 21 - 24
MMn’WH#mﬂﬁﬁﬂﬁﬂ%“#hﬁW% R FWﬁﬁfﬁL@mmaMZMW
k%%%@%wEw%ﬁ%“*% JREEPVRD S - FILT PRS2 R Bond and
Templeton, 2011) o FYZHERE %r%if {5 Bl V Fﬁ%*"# ELIEVS ~ pH == FLETIELY, (Westermann and Ahring,
1987; Goodwin et al., 1988; Sanchez et al., 2000) > Hobson et al. (1980) Wuylﬁ'ﬂﬁ“ 25 — 44°CRE LRI ﬁ;@
& BRI EL—FT;JIA 14 @*E?ﬁ F”E? UERASH R RS PR A PR TR PSR [V 35 (Hill, 1982) -
HEIRT | A5 T3 7“573 TEVEEIRUR ™S (50 - 65°C ) » PN ELSCEIRI” ) NH, QTU?ﬂﬁ“UP lﬁlffﬂ“@if PR 25 -
%C)?ﬁﬁ(<%C)%$W%ﬁ(MQmMMMMNm@J%QHmmwnmIW%O@%ﬁ?@@%ﬁﬁ?
R T B S R SRS Y
=0 e AR gﬁfﬁﬂj‘*,;\ﬁ%“ = BRI o AN ) BE ~ BREAETEIEE I R o B I UBRE R
AR EU‘L'““W%‘%«%'TH BEN L ’q”'i‘iﬁru—rwﬁ B 5 VIS 155 28.6 % 18.4°C (50 444
KmeMmadﬂ%bﬁW@%%ﬁﬁyﬁVmCﬁ i? B FEEEYR D o BT Bt SRR

|

(1) FER RS |
() FrEREE & :E
M

ik BRTTAHY 97 2071 B -
I
a

=
i3

i
R T
{1tk BT A 2 -

ail - mpcheng@mail.tlri.gov.tw °

(3) TR K
(@) SR - B



44 P/ [ 2 SRR R IR S R I 0 BV RS

SOREIELY R PSR B PTG R B I AR » PR AL R A ]
S PR | SR O R R - AR 5 R
AR R A I S R BB 55 5 A

M A

L
i
[l PSRN VRS SRR L T SRR ﬁ%%ﬁ?“t Im® o it SO E PR R
WIS S50 ARV Rt o TR R 9F B mmﬁrfﬁ o
R R RN RN R IHMF%F H B 9 AR -

Gas out Elow

‘ meter

Red mud plastic bag

Wastewater in
—_——
3
Reactor volume (1m?3) T ok
(A)
Gas out
Flow
E—
‘ ‘ meter
Water lute
_L| |—‘— Wastewater out
—_—
Wastewater in T
E | Thermal
2 insulation
Reactor volume (1m3)
Temperature
Temperature controller
controller (hot water out)
(hot water in)

(B
il 1. 3P BRSASEIR AU (2) RNV BRI (b) [0 VRS R -

Fig. 1. Schematic diagram of batch experlments (a) horizontal anaerobic digester (b) vertical anaerobic digester.
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Table 1. Characteristics of the cattle manure in the experiments

Parameter Mean +SD
COD, mg/L 13,437 2,922
VS, g/L 12.8 1.17
pH 7.06 0.226
EC, mS/cm 4.95 0.886
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Fig. 2. Biogas production of cattle wastewater at different temperature and fermentation methods.
U30: Upright batch reactor fermentation in temperature 30°C.
U40: Upright batch reactor fermentation in temperature 40°C.
HW: Horizontal batch reactor fermentation in Taiwan’s winter.
HS: Horizontal batch reactor fermentation in Taiwan’s summer.
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Table 2. The methane yields, pH variation and VS degradation of cattle wastewater with varying temperature and
fermentation methods

Item Day Biogas production Biogas production rate pH varying from initial
(L/g VS, (L/g COD,y4c0) % %
3 0.117 0.130 27.9 2.45
6 0.299 0.333 433 3.83
u30 9 0.374 0.417 17.9 7.31
12 0.406 0.452 7.6 6.48
15 0.420 0.468 3.3 5.24
3 0.216 0.237 42.1 3.32
6 0.324 0.355 21.1 3.19
u40 9 0.409 0.448 16.6 3.32
12 0.491 0.538 16.0 2.98
15 0.513 0.563 4.3 3.45
3 0.010 0.010 23.8 -3.36
0.017 0.017 16.7 -4.08
HW 9 0.029 0.029 28.6 -4.08
12 0.037 0.037 19.0 -3.57
15 0.042 0.042 11.9 -3.79
3 0.106 0.112 45.5 1.85
0.173 0.184 28.8 3.83
HS 9 0.201 0.213 12.0 6.82
12 0.226 0.240 10.7 5.35
15 0.233 0.248 3.0 4.70
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Fig. 3. Methane content of the biogas produced based related at different temperature,
fermentation methods and retention time.
U30: Upright batch reactor fermentation in temperature 30°C.
U40: Upright batch reactor fermentation in temperature 40°C.
HW: Horizontal batch reactor fermentation in Taiwan’s winter.
HS: Horizontal batch reactor fermentation in Taiwan’s summer.
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Fig. 4. Total volatile acid concentrations related to temperature and fermentation methods at different RT.
U30: Upright batch reactor fermentation in temperature 30°C.
U40: Upright batch reactor fermentation in temperature 40°C.
HW: Horizontal batch reactor fermentation in Taiwan's winter.
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Abstract

The biogas from the anaerobic fermentation of dairy cattle wastewater (DCW) was one of the most potential
bioenergy resources. However, the performance of treatment of DCW which contained more fiber was deeply
affected by the climate. The purpose of this study was to develop a vertical anaerobic digester (VAD), which
provide the constant temperature with hot water heated by solar or biogas powered heater. The performances of the
VAD and a horizontal anaerobic digester (HAD) with the same volume were compared under different conditions.
The solid-separated wastewater from a daily farm was conducted to the VAD under 30°C (U30) and 40°C (U40),
and to the HAD under room temperature in winter (HW) and summer (HS). The qualities of wastewater and the
composition of biogas were analyzed every 3 day during 15 day’s fermentation. The results showed that total
amount of biogas produced were 0.42, 0.51, 0.23 and 0.04 L/g VS, .4 for U30, U40, HW, HS, respectively, and
the concentration of methane in the biogas not significantly different for all treatment that ranged at 55-73%. The
digestion rates of organic acids were over 50% and 90% on 3 and 9 days of retention time, respectively for all
condition. In conclusion, the largest amount of methane was produced in the U40, which was 1.8 and 10.5 times of

the amount the HS and HW, respectively.

Key words: Dairy cattle wastewater, Biogas, Anaerobic fermentation.
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