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Abstract

According to the reports of the Energy Bureau of the Ministry of
Economic Affairs, more than 97% of Taiwan’s energy needs are
dependent on imports. Therefore, the new bio-energy development
becomes an important issue for Taiwan's economy because it produces
about 2.4 million metric tons of agricultural waste per year in Taiwan.
The agricultural waste is suitable for further processing as a biomass
energy source, and is a part of the circular economy.

On this study, the high-nitrogen biogas slurry produced by
anaerobic digestion was wused as an adjustment material for
depolymerized fiber materials to produce biogas as bioenergy. The
results showed that the chemical oxygen demand (COD) of the
high-nitrogen biogas slurry was about 44800 mg/L, the total solid
content (TS) was 4% and the volatile solids (VS) was 57%. The
carbon/nitrogen ratio of the high-nitrogen biogas slurry was 7.53. The
substrate/inoculum ratio (S/I ratio) of 3 produced the most of biogas
which was 296 mL-biogas/g TS. Under the condition of 3 of S/I, the
biogas potential was improved by adjusting the pH value to 7-8. The
results showed that in pH value treatment group the best condition was 8
of pH which produced 366 mL-biogas/g TS.

The biogas potential of only depolymerized fiber materials was
conducted by anaerobic digestion in continuously stirred tank reactor
(CSTR). The results showed that the condition was under 1 of S/I and
the HRT was 20 days. When the daily feed with the OLR was 1.5



kgCOD/m3/day and 20 of C/N, it was beneficial for CSTR anaerobic
digestion. Only depolymerized fiber materials produced the biogas 237
mL-biogas/g TS. The efficiency of the biogas production was 350
mL-biogas/g TS which was 1.5 times increased by adding urea to adjust
the condition of 25 of C/N.

On this study, the biogas potential of depolymerized fiber materials
mixed with pig manure in different parameters (hydraulic retention time,
organic load rate) by anaerobic digestion in CSTR. The pig manure was
used as nitrogen-rich materials to appropriate C/N ratio. Experimental
parameters were 16 days of HRT, 1.25 kgCOD/m®/day of OLR, 20 of
CIN; 8 days of HRT, 2.5 kgCOD/m®/day of OLR, 20 of C/N; 32 days of
HRT, 0.62 kgCOD/m°/day of OLR, 20 of C/N; 8, 16, 32 days of SRT.
When 8, 16, 32 days of HRT, the biogas production were 347, 385,
458mL-biogas/g TS, respectively. The results showed that the condition
under fiber materials mixed with wastewater elevated the biogas
production about 2 times compared with the pure fiber material group.

Thus, the results demonstrated that the best condition of
experimental control group was 32 days of HRT, 1.0 kgCOD/m®/day of
OLR, adjust the condition of 25 of C/N with wastewater which produced
530 mL-biogas/g TS, which elevated the biogas production by about
20% compared with 32 days of HRT and 20 of C/N group.
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= FEEMER G I5QVSIL =R 8AE 5 20 2 5 F 4o oK
20 2 R ARMAE A0 Lo BT TaRAA M DR Telhs
PAFES"RER HEEHILT ~B- o9 PR

FAF ARBRESPN TR izE A F £ 5 346.93 ml -

H
1\

TR E&E A RATAF ART O TG L end p ook
% % 60~100 gCOD » OLR % 1.5~2.5 kgCOD/m*/day - 5 3 ¥ =%

L EnE X HRAMAE S 2L 84 & p 1 60 gCOD i -
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27 ~ BRSNS EE S/I=1

* R E
< #A2FE | CHy | CO, | H,S - %
L % | % | % | AFE
ml/g-TS
1 13.85 16 20 | 0.20 izl (600 gCOD)
2 34.94 23 20 | 0.30
3 32.67 27 25 | 0.30
4 3151 15 17 | 0.60
5 15.76 23 30 | 0.54
6 12.81 30 24 | 0.40
7 11.87 30 23 | 0.30
8 8.6 33 21 | 0.30
9 4.0 35 20 | 0.16
10 2.0 34 20 | 0.16 AF
168.01 236 | 219 | 0.37 | 390.98 &3
11 33.61 15 33 | 0.34 izl (600 gCOD)
12 32.24 10 27 | 0.74
13 26.70 18 24 | 0.36
14 24.05 31 22 | 0.34
15 10.59 29 10 | 0.30
16 2.96 29 6 0.30 Af i
130.15 18.8 | 25.1 | 0.44 | 302.87 &3
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RWH12 ;pH=7;SI=1;Feed=20L

Biogas(L)

Days

W- ~ SEEEN RN AP BR2EPAFE S/

A HRERSRREN D T RGN AR ERE FB% S/I=1
fitplge o & Pt E 2 24 BACREET AT

HhrBEEFE - SE» 2R E2 > FRAKEFLDEFE

FrAF RO TSN e 2B X BAE p e

S/l iERET o & 2 e A 2 L > HRT=20 days; SRT

Lz

i

% ¥ f j7 % 1.5 kgCOD/m*/day % # p 12 60 gCOD :i

gk
R

&

HkE D AFREETBER o FH%Y LRABAF AR
u}i”’””}&)’ﬁ,éc)»ff\—%% ;’;f&'{»’C/N:25sIfMB@7}iJJ\Z
)\fﬁ,%/pliz ‘;’;f i%‘/%ll Nt C/N=25 - +PF'**3’ZJ}’§ f%,’.;z_:f;—l_—-r » %

FA Tk Lt A F £ 237 mls A B CIN=25 (45 sic g
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é_?:{?i'l 25 350ml> £ 7% 2 C/IN > i, §j§|r’rﬁﬁ4 915

BeAg gy o HESEHTEA2 SRBlZ o

L L e E RAERE RS

B E X RCY% + 2 A H 5 E X C% )
B AR S ppa

gy RN% + # iz £ X N%
3 2. 4% 60gCOD §z € = 42.85g; Sk Al & § 1t
= 44.56%; S af § £ B = 1.18%
T3 ERER Y =200%; fkE F £ 8 = 46.66%

405 Y4ERE B = 0.00%; F t4eF £ 2 = 26.16%

22 cBEapEn 2 TrR YN i d §FE% S/l=

BA F itk
CH; | CO, | H,S N
X =
F£ | % | % | % | AFid ok
L ml/g-TS
1] 301 33 NA | NA # 2L % AR
2 | 20 27 NA | NA
3| 148 27 NA | NA
4 | 1.25 23 NA | NA
5| 1.05 23 NA | NA
6 | 0.34 20 NA | NA
71698 | 31 | 11 |018| 16243 |izfl (60gCOD) (84#:2L)
8 |11.16 | 28 25 |0.30 259.71
9 | 122 21 22 10.20 283.91
10| 13.68 | 22 22 |0.20 318.35
1111486 | 22 24 10.36 345.81
12 | 1357 | 24 20 | 0.3 315.79

25




131321 | 24 12 |0.28 307.42
14 | 5.82 24 15 | 0.2 135.44
15(10.14 | 22 17 | 0.3 235.97
16 | 9.22 22 13 | 0.3 214.56
17 | 8.91 21 24 | 0.3 207.35
18 | 7.48 21 25 [0.34 174.07
19 | 7.68 21 25 |0.28 178.72
20| 7.56 21 19 | 0.2 175.93
10.18 | 23 21 [0.27 236.82 Mg T s
&4 (60 gCOD) (4 4#: 2 L)
(6ml 8M f %)
21 | 15.23 | 27 27 | 0.2 354.42
4~ 120ml 8M fi % #-40L
F s BB CIN=25
&4 (60 gCOD) (4 4#:2L)
22 | 16.6 25 25 | 0.2 386.31
(6ml 8M fk % )
231 13.74 | 25 25 | 0.3 319.75
24 | 1457 | 23 23 | 0.2 339.06
25| 17.3 20 20 | 0.3 402.60
26 | 19.65 | 25 24 | 0.3 457.28
27 12130 | 25 20 | 0.3 495.68
28 | 15.25 | 24 22 | 0.3 354.89
29 | 14.00 | 23 21 | 0.3 325.80
30(1031| 28 20 | 0.3 239.93
31|1235| 25 25 | 0.3 287.40
32| 1473 | 24 20 | 0.3 342.79
1542 | 23 22 |0.27 358.83 & M«'ﬂj‘ L =
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4L (60 gCOD) (R4 : 2 L)
33| 153 21 20 | 0.3 356.05
(21ml 4M # i+ 42)
34| 15.2 21 25 |0.26 353.73
3511496 | 20 25 |0.28 348.14
36| 14.6 20 28 | 0.3 339.76
3711536 | 18 25 10.28 357.45
3811395 | 26 24 | 0.3 324.64
3911496 | 24 26 | 0.3 348.14
40| 154 21 27 | 0.3 358.38
4111473 | 21 26 | 0.3 342.79
42 | 1243 | 26 26 |0.28 289.26
1469 | 21 25 |0.29 341.83 Baaplix e 3 V43T 15
RWH12 ;pH=7;SI=1;Feed=2L
25
21ldays 33days
204 7days l
%Jﬁ'
2 10-
i)

10

30
Days

40 50

LR ¥T EOPE PR R B R Y ST TSI R

£ S/=1
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S BRBEEEREN D TRAEN AR EF PR S/1=2
Ao K R AAE = 40 2250 §/I=2 6% T 5 1200 gCOD & >
ik 20 o > BED pH=T > 4 F BREAEFLER
2150/l SR L 20 02 > R FED TR AP T HR 0 Tk
FPAFREETRER  AREHTNEAS B2 o LFREHG
deent Gl b A F AT TURIER T L F (CRER A Y

Az TR f A4 @ pH MY 6.0 KRRV R 42T i

Bodrdld AF 2R @K Y b0 Tt @3l s

- S BERMENREN AP E%R S/I1=2

REF | CH, | CO, | Hps | * RHEAF )
X ¢ ;3—_
gL| % | % | % | g mligTS

1 | 86.65 30 20 | 0.12 i34 (1200 gCOD)
2 2.03 26 15 | 0.10

3 1.30 17 18 | 0.03

4 0.50 12 7 0.02

5 1.29 6.5 13 | 0.06

6 3.90 3 18 | 0.10

7 4.71 4.3 23 | 0.12 Ag =l

100.38 | 27.1 | 19.7 | 0.12 116.79 <t
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RWH12 ;pH=7;S1=2;Feed=20L

100

Biogas(L)

S HRRENREN AR RR2LEF P AF R /=2

A aTaBREALPAE AR REFELBERT XBEF A
R % CI/N=20

FHF B =k gVS=7.5g/L; SI=1; 300 gCOD » :#-f& fg it 2

Rk ot & A kiR g0 AR DR CIN=20 38 7 2 7 ek
CHFR T KR AF BRI E N Bl o F ki MgadopE s B F
Ms®A%: 40 L» =iR: 10 L~ &7k 156 L2 2 g ko 300
gCOD» 4"k 2 40Le »* %7 ~= XA 5 F BEL > M HER
Fp#ic g 5 50~60gCOD > Mtk Bode & pagdl s o o
50 gCOD, #&-k 25 L, HRT=16 Days; SRT = + = %, OLR=1.25

kgCOD/m®/day, C/N=20 -
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E 1A 7 BB A i Rl A 4 e 100 gCOD, A -k 5.0 L,
HRT=8 Days, SRT & ~ %, OLR=2.5 kgCOD/m*/day, C/N=20 ; %
sl 25 gCOD, A k 1.25 L, HRT=32 Days, SRT 5 =+ = %,
OLR=0.62 kgCOD/m®day, C/N=20 » ¥ HRT % 8 - 16 ~ 32 days
ERGEAF BEA YL 347385458 ml- A F 2B BHEG
AR CIN=2S ehew] » HE s 528 2 § £ 2 ML 355 350 ml/g
Tso &gty B R kEf ks As 2R HRe
7 %_ HRT=32 days, C/N=25; OLR= 1.0 kgCOD/m’/day » % 2 i7 &
AFE 530 ml> Z 9% A F %k dew > &2 HRT=32 days,
C/N=20; OLR= 1.0 kgCOD/m%/day % &4a+t ¥ £ & 2 20%:h# 2
§cEAF BoE LR E HRT THOLR Y 7 0 F B2 hz F

EREVEE IS E T RN WS- RV X E R

208 R RS £ AR KSR ERT £ B CIN=20

BAE & it
CH, | CO, | H,S .
FE | % % % AFE "

L ml/g-TS

30




4 (300 gCOD)

12767 | 31 | 10 | o0.28 (% 78 B -k :15L)
(% mm R £:766.27 g)
2 | 1547 39 17 0.36
3 | 10.06 33 20 0.10
4 | 10.29 33 10 0.20
51| 4.02 34 10 0.16
6 | 235 31 9 0.10 AF
69.86 33 13 0.20 321.68 b 1
it (50 gCOD)
11120 | 32 25 0.20 309.44 (% 78 Bx-k:2.5L)
(4 3 R pLiR £ :127.71 q)
2 | 1453 28 22 0.20 401.44
3| 1444 | 27 25 0.20 398.96
4 | 14.66 26 33 0.18 405.04
5| 13.71 27 22 0.26 378.79
6 | 15.88 29 25 0.20 438.74
7 | 15.67 28 28 0.20 432.94
8 | 13.65 28 22 0.28 377.13
9 | 1257 29 11 0.20 347.29
10| 14.58 31 15 0.20 402.83
11| 12.56 30 10 0.22 347.02
12| 13.32 30 21 0.24 368.01
13| 12.68 29 22 0.2 350.33
14| 12.09 30 20 0.14 334.03
1395 | 28 21 0.21 385.42 HRT=16 days - =
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&4 (100 gCOD)

15 22 | 27 | 18 | 026 | 303.92 (% 75 K:5.0 L)
(4 241 R £ : 255.42 @)

16| 1065 | 26 | 16 | 0.24 | 27145
17] 2361 | 24 | 11 | 022 | 32616
18] 2047 | 21 | 12 | 028 | 40711
19] 265 | 22 | 14 | 036 | 366.08
20| 269 | 24 | 18 | 03 | 37161
21| 2856 | 24 | 14 | 038 | 39454

2238 | 25 | 15 | 029 | 347.25 HRT=8 days T

&k (25 gCOD)

22| 1515 | 26 | 20 | 022 | 837.15 (% LA k125 L)

(5 %R R £  63.85 g)
CIN=25

23| 1163 | 27 | 14 | 024 | 642.64
2411197 | 27 | 18 | 024 | 66143
25] 1008 | 27 | 22 | 016 | 556.99
26| 468 | 30 | 20 | 016 | 258.60
27| 534 | 31 | 13 | 02 | 29507
28| 522 | 31 | 15 | 02 | 28844
20| 552 | 31 | 18 | 02 | 30502
30| 736 | 34 | 13 | 02 | 406.69
31| 732 | 33 | 15 | 018 | 40448
32| 742 | 33 | 10 | 014 | 41001
33 718 | 34 | 15 | 016 | 396.75
34| 715 | 35 | 15 | 012 | 395.09
35| 805 | 37 | 10 | 02 | 44482
36| 717 | 41 | 12 | 014 | 396.19
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37| 9.14 38 11 0.14 505.05
38| 83 35 11 0.16 458.64
39| 9.09 40 11 0.16 502.29
40 | 8.09 38 10 | 0.18 447.03
41| 9.87 37 12 0.18 545.39
8.29 35 15 | 0.20 457.89 HRT=32 days - 35
il (42.56 gCOD)
11443 | 31 15 0.2 470.97 (% 7R k:1.251)
(sl nd: 127.819)
2 | 132 36 13 0.2 430.83
311678 | 32 20 | 0.24 547.67
4 | 19.6 30 20 | 0.26 639.71
511524 | 30 20 | 0.25 497.41
6 | 1575 | 35 15 0.2 514.06
711685 | 35 14 0.2 549.96
8 | 16.5 32 14 | 0.26 538.53
9 | 153 36 12 0.26 499.37
10| 16.49 | 39 12 0.24 538.21
16.24 | 34 15 | 0.23 530.14 HRT=32 days L 35
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RWH12COWW CSTR

Biogas(L)

Days

e s 2753 RAAPR X AR RKPER
*1:day: =0 e AL 0 i 4k o % 78 A -k :300gCOD A 15L -
CIN=20 ;*2:7day: % p b el % 7 Bk R % @ R4 =25L -
HRT=16days ~ OLR=1.25 kgCOD/m® day ~ C/N=20; *3:21day: & p ig
Faep % A -KR & A M =50L - HRT=8 days - OLR=25
kgCOD/m® day ~ C/N=20; *4:28 day: & p i fie % 7 kiR 4 e
# A 4£=1.25 L ~ HRT=32 days - OLR=0.625 kgCOD/m?® day + C/N=20;
*5:48 day: 4 p i Al & Ak R A o B =1.25 L HRT=32

days +~ OLR=1.064 kgCOD/m® day + C/N=25 -
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