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Taiwan's energy demand depends on imports, so energy development will
become an important issue for Taiwan's economic development. Taiwan produces
approximately 2.2 million metric tons of agricultural fiber waste every year.
Agricultural waste is suitable for use as biomass energy and is developed as part of a
circular economy. The main structure of agricultural waste is composed of cellulose.
Destruction of the cellulose structure can release monosaccharides to improve the
efficiency of biogas production. This study use pig farm wastewater (or biogas slurry)
as the material to mix with fiber waste to adjust the carbon-nitrogen ratio. The different
small molecular organic compounds will add into culture, and compare the results of
the bacterial changes under different conditions to obtain the microbial metabolism
pathways. The experimental tests can verify different strategies and methods for
elevation of biogas production.

The experimental result showed that matter which organic was added organic acid,
the biogas amount increased by 1.29~2.82 times compared with the control without

addition.
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Complex organic matter

(carbohydrates, proteins, fats)
Hydrolysis
Soluble organic molecules

(sugars, amino acids, fatty acids)

Acidogenesis (fermentation)

Volatile
fatty
acids
Acetogenesis
Acetic acid CO,, H,
Methanogenesis Methanogenesis )
(acetotrophic) (hydrogenotrophic)
CH,, CO,

Bl- ~ ¥ FEfs 400 42(Rapport et al. 2008)

S RHACRE SET LA TL A RFY PR TR

FOPEL TS RE 5 AL B SRR IR A R L o 7 A

L g 2

=
-8
:‘:QX
m
m‘ti’x
e

2

LI R EGR T RILASRE R R HRCRE R 2L R e o

F A F Rl R R IR R Sk &

1L fl* £ RFkd T RANEH  AERRLSRREZHAT .  BEG

%iéﬁ#

A W] E (T

{

o

HEPNERE A FF BRI F L AR .



AEBRS LR ARKEFRT R BB 123 FRRAENL A

+4), Biv Lo IR BPNERIBER S B ERLiER .
(1)\2%;&’55}1\% SRR | ’ﬁ’bﬁﬁ”xlzp\?)}%}ixp’%ﬁ&’xe‘_

F?%i”*%Wéﬁiéﬁ’ﬁmﬁ%$§ﬁﬂﬁﬁo

MIERZRE > GREZFR  BRSF2APREAHF BEE -

LY =R AP S B AR L PES ‘__/fj‘é‘;]ﬂ,:- T EF SR BEP
EE SRR SR St S R SCR LI YR R

%i =P ERT L REFHARBRE -
FHQ)fr@)E A 4G WRERE L ARF 2

BARF T R RS Ly R

=%
3
e



ﬁ‘l . ‘Q'}f%‘}"}ﬁﬁ

-~ S (ST Sl A

1395 A.O Adebayo, S.0. Jekayinfa crF= 3 45 11 » § 7 ¥ f 47 5 B 18 &
Y e ¢ ¥R COD 2 “f L i ARE A PR RS B4
fre s WHEEREAY TAL A WBRAFEL B L7 =2 AR
ARARF ARG o APE A FF M RSB ATE B RDEF
o AERGRE FRE-HRAFWL AT o A @EHkY 0 ¢ rh

B BHATRIEY 0 0L G (S L b R £(15,16) o

CRLE (CN) S ER

BEVCN) LR~ 285 ~F L2 2 b EEgd

|lq’3:]—j_,_£z|)1\1}§,|}’i /}ﬁﬁﬁ'p mpe,ﬂrrﬁ msbfé_i ﬁ:k_% Ti%;'ﬁ’i?ﬁ ,,Ljrspg} y B o=

FlE AL TR Ra el TR & 0 o FIEg st s
SRESGRE R B 0 R BB AR Lk B o E R B PR i )

§ T RE S L R NREY A T R EFL L (17,18) 0
TRRT O R BCEAE 5 20-30 2 F(19,20.21) > A AR S g0
?@gmﬁﬁw%ﬁﬁ%ﬁ@m37ﬂ°Wupﬁ%ﬁéﬂ IR
SRR RRE A EH (R AR~ BE > BrAR) 0 R ek EEER D
GORBTRE ML AR F
LA RE 0 b kR BRI 0 BLE  (CN=20)R G

o

EF REE

=~ gk E(pH) S

Fadk B (pH)EURF ) 1 B2 enE & P4l ig 2 > B3 (pH & 5 5.2-6.5)



hF BB WG FORRF R Fed £ S T g SRR P ik
i (pH & 5 6.8-8.0) e % BIEB G 07 R HE £ o 7k ivH - F RH
R PR L % pH B3 A 64T B AT i 4 A

gl g o

T AREREREAF AR
AT EEY o PR A GA(S/I=1~ S/A=2) R AL
(C/N=15 ~ C/N=20 ~ C/N=25) ~ % k= fiadk & (pH=6 ~ pH=7 ~ pH=R) > = 35 !

BiEF i 5:S/1=1 > C/N=20>pH=7 - # § 5% F %R¥ =

=

PEA G ¥

% > Bt A F 45 259 mL/gTS (22) -



AP 2AER

PR & A

RRF f iR > BREA F o o APRREE A a0 FRY
ARG EED R G A 2 EE AF B AT R EHROKGR A
’Fﬁ‘ ) Aa\*"’rigﬂ & g

(-) BHAMES (Total Solid » TS)2 L - FH4f e+ (Volatile Solid, VS)
HAMTS)z B & e 105C 3R THRICIETE R AT D

EE #2445 105 CAaH kB FRIGA S ke B8 HTS

FaRRFEEEMNRZETORFLFAAE CFERRET IS EE
B KR TRY PR o LF L FRM(VS)F BB S 4 550°C BE T A
IETEER L FHEHE RS > VHEEFLAML B 2

B SSOTC RIZE G T 2B AL B (Ash) % Z R o AT

FHAMGEF Lo e » R R CF B f R R R

=

RS PR U PR SO SL AR TR S P E XY T

BRERH;EEEFHEEMZ E A 179 %HF* American Public Health
Association (APHA) ~ The American Water Works Association (AWWA) %
The Water Environment Federation (WEF) ¢ & 11 %% 2_ Standard Methods > #

B2 SRR AT 0 S R B BT Y

(1) #2342 105°C iz 2 | pFis fof H ek £ £ A



(2) PR TR HRED HBY LT e E B

(3) #EEBAHERE AL G UMM T PE 2Mf T RE
(4) #HampEt 105°Cefe izl zd g FELBHEE C

¥
o
e

(5) Cirip £ & AR R Mfl > 7 FH CHAT 7 WAL

LN ARE S i G .

)

e
|9
-l

PE NG D GREKD)RE*100%
24T LA
(1) #rite SRRELFAMZE2 5% 5500C L% &+
4 i
(2) At 4 [ PEEEN s B aEAE L E A FES LR D

(3) #E € C a‘r"ff tEDE rfl% MR TP RE BT EF T

i

[
e

EENS §

BN L (TS £-% 4)/TS £*100%

) & F % & (Chemical Oxygen Demand, COD)

N

CRFFERRBREG T R TR L iy BE

gt 2 3 5 £ (Biological oxygen demand, BOD) 4 jic 4 4 B = 5 44~

BB 2RAFEHE R VAN BT F R AATHREY

PRRABRKAAEE AR CEZT RGBT IE A



FEG WP f—r PG AE L F 3 £771# * Standard Methods
Sk A o
15 i 81 Bde™ 943

(1) #fEdmkimy - kBRI gy RR

(2) P84 2ml #5305 5 @A E (KoCnOy) @ T35 3

(3) Pr2oml = =cokdsEE fiRAE o PR R

kiR

h-x

(4) M E 50 150°C 4o ife b oo 4o f 2] pF
(5) #4c#M2 | PFISFEME I TEBRY > FERFELINL )P
(6) Ml EHEF Eff BT o %ﬁ d DR/890 colorimeter 14 ¢ & ;% jp| Z_
d14% & COD jk A (unit : mgCOD/L)
(2) #&/% v ] (Carbon/Nitrogen, C/N ratio)
TR T B AR A AR GG B e
ot bl g B et R o ol E VBB 0 AT R ERLE

BeF RN AELE o A FIRRIRKRE L AR T =EATI 0 R

\?m
74
Rl

ETRHCERE VBN OIS ERIRF REL F PN AHF o RE L
NP ED R 0 P ZERER Y B P g o
BEFRPLAFAWNEFOERFTERT  AF LAY
b EREY i FAE A 0 KT 5 4L elementar vario EL cube
(forNCSH) ~ % ~ 471k - H B2 5 ¥4k 44 1 1150°C-1800°C 5 58 *

ES R e FR R I 4 2 N2 ~CO2-~H20 iR & ¥ {8 55



WEIAASRE AR R R BEGRE (TCD) » 5l TH 7 & &t

— 25 7 A= A= N
EIFETER T ~F 2L E

(s

T EF £E 0 6)(CIN) -

(z) & § RARWR
RRENCFR? 0 BRRDE § BPrd| 7 AL AT maonk o F
RS ITRRY F FRRNB M AT FRRDIFESAFT
oo A * Ry pert ¢ ;2 (Salicylic Acid Colorimetric Method) (3 i% % -k
VR FRBIG R — A 2 A kst ¢ 2 (NIEA WAS7.50B))# Bl 48 1
AEFER Y UFERRREARE FERERMBIRRB AL F P
ML e A& RILAE M SdeH-7 § 7 1B 5 48B (Ammonium Salt) > £
g2 k4 pa4p (Sodium Salicylate) 2 =% & pa4r (Sodium Hypochlorite) ~ & »
B H R F R (660nm) -
1.9 2%+ FhAo T
(1) # Ammonia-free water -tk &%
(2) P~ 100uL F#fF R &21% § 75 Wi Rl Al
(3) #¢» Ammonia Salicylate Reagent Powder
(4) 4 » Ammonia Cyanurate Reagent Powder ;& & 323
() E*FEFR2044&

(6) ¢ ik ‘_E'_ET’F'}F' B T, & NHa-N & &

10



B YT T

F1* R SRR E FF BB EH

i) ﬁfﬁ"’%{.gﬁpﬁﬁq‘if R

f—r-ﬁﬁé? ;I'*L:l\,z)gkﬁi }g,r.sf, F}’[’%a,? é‘I‘lp ;F”ié;};t:\o

FE

(f& B

FFRE FOBFUE T SRR

MRS B ) KBS R F R

L4953 £ B

FEELFRR 2

B - el d o492 50 E flAF B2 o BB ERE

EERE BRRARP S E N E TS

R R E A FAE

VRS A3 S ’F‘: ik

(COD) % 34 Fdn @ e 3

 be TR 4 > o F;‘ﬁiﬁ 24t E

(4) 2 F Fra FHne > HFES A4

(B) ek f B W F L 2 p R

(6) #-F BFLE » ¢ FHI

O PESBIAIRR (RER L)
(-)pH &

AEBRPH B E § (V42 ﬁﬁ’x

11

35C 2 -ki

& 1h

A B #2845 COD & (R

15% 3@ pe-kiz it (HClag) % 3% B



ALk pH E o 13452 % T pH EBEF B % F 5 6.4~78-

(=) &= (Substrate/Inoculum ratio, S/I ratio)

-
A
o)
\\?{r

v g ADE L EM R A TSR Y ORE A S RE
oot FFF R ELAREA RN g o iU AT % W S/I=L
AFCF G HAIFTHRMUS/N=LEF RS R LL W R4A L5
FEFEF WA G 800mL . b FE R T s 159VSIL e F & Fp ik
BoAief ik BE ARATEYE O F F AR R 28
BALALFLE SRR N R4 35°C R YUk F BB AL 2 nF 0 7

L
%
X sk

‘3\\-

(=) #/% v ) (Carbon/Nitrogen, C/N ratio)
é%ﬁm’iﬁiﬁﬁﬁ@ﬂﬁﬂ’m%ﬁgﬁﬁuw%gﬁgg

F2AYE AR BRG T BB f AF Rt A%

3

BAK - BT M BT R H AR T AR R Bk kR

SR F o L ER R R COD B ¥ R (TR E W e B 3 R

By
-
jul
-
(<

NERFHE -k o R A IR gk o F Ao E ot A=20 PR
F B EAFRF o e AF BRI C/N=20 &7 o
(z )7 A& (Organic acid)
Hd e R ARG SR G BRE R LSRR
Fait ~e 2 Tt RS o 57 G BEASRE 2 FIER

Tﬁ;;;@ﬁ":‘ m,;]ﬁﬂg(g R %,twmﬁ'ifpﬁﬂ:ﬁ;w €73 od



AR 2 s SR FERRE B Pk B AT 2 o BT R

d N et P AT T A NS T o FRIRRE B RS B A dh

o hB ML A e

=k

o ER BB e > f R F T B

FWHEB AR AT BREFTR MV AUAET BRIER

=0.125% - 0.25% - 0.375% ~ 0.5% ~ 0.625% ~ 0.75% % i& {7 I3 -

FERA 2L RXGFHARFERRE

4

74
"\*“‘T

E\\“

%% HILT SRR TS AT R SR @ G

(SI=T) B F 0 (C/N=20) 0 s & Sdict o Wi (75 pf o it A F

P o AR RHE-F eSS ¥E 'ﬂ*ﬁd A TR e

PikR2 M 2T BEHERRT S APRE S 12 3 RE

FWERETFE BRP AR AHBRE B KGR FREAF

L_”f’:ﬁja’% o

13



ENL1BFRELH

- S RLRA R A
P LT R BURIL (5 ehASfR(RWHI2) S % B oAk 7 445 » A e

£ (V) izE* 25 & (COD)~C/N

FH £ (TS~ LF L FAM 7
£ EHAK AT S BT

B S FF R FT AT ERE TN A -

SO

Lo ERERENIE PR E CRE SRR

TS % VS % COD (mg /g) C ratio | N ratio
Lk C/N
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RWHI12 19.5 91.7 1400 44.6 1.2 37.7
S~ EARSALRFANIE CMERZIE AT RRA CRIVANES
TS % VS % COD NH3-N | Cratio | N ratio
ik C/N
(g/g-wet) | (g/g-dry) | (mg/L) | (mg/L) (%) (%)
Bk 18 54 10550 1200 26.6 1.9 14.1
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A BEARK RR S 05%PF > F A F ok TIBE e
EREET A2 403 T AR OHBERD T 1SRRI Bk
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FhFWEBRRY EFRA SR S FIERA 05%PF 0 § A
Fork o THILgpERAERT A4 601 22 ﬁu‘iﬂl‘ Seedt R B
223 B o ARGk R MEH o L F AR G BB R AR o (e dp i

P A 1.01~223 B o (£ 74)

£Z s PAHIBRERE D (5 BRA)

A~k (mL) () ik (mL) 7 B A(mL)
280 17.5 300 0 (0%)
280 17.5 300 0.1 (0.125%)
280 17.5 300 0.2 (0.25%)
280 17.5 300 0.3 (0.375%)
280 17.5 300 0.4 (0.5%)
280 17.5 300 0.5 (0.625%)
280 17.5 300 0.6 (0.75%)

2B R RBIGERLEE (8P B)

Aok (mL) fe9) 7k (mL) 7 @k B(mL)
430 17.4 300 0 (0%)
430 17.4 300 0.1 (0.125%)
430 17.4 300 0.2 (0.25%)
430 17.4 300 0.3 (0.375%)
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430 17.4 300 0.4 (0.5%)
430 17.4 300 0.5 (0.625%)
430 17.4 300 0.6 (0.75%)
I ~PIBAEFEREFGBBA)
TR |BEFE | FAEAFE | CHs | CO2 | HS | &# | F K12
A (mL) (mL/gTS) (%) | (%) |(ppm) | pH pH
(%)
0 1065+121 269+49 39 2 ND 7 7.10
0.125 | 1320+225 387+106 39 5 100 | 691 | 6.82
0.25 | 1331222 390+127 42 4 120 | 6.66 | 6.83
0.375 | 1293+207 379+130 4 4 100 | 653 | 6.86
0.5 1375480 403+39 41 5 140 | 640 | 6.82
0.625 | 911+120 267+65 41 5 ND | 631 | 6.86
0.75 | 1304+206 382+121 39 5 40 | 6.08 | 6.79
23 P AEIAFEREF(GBERB)
7 | BAFE | FnfEAFE | CHa | CO2 | HS | & | F BH
f B (mL) (mL/gTS) (%) | (%) | (ppm) | pH pH
(%)
0 1065+121 269+49 39 2 ND 7 7.10
0.125 | 920+150 271+147 38 5 60 | 6.88 | 6.85
0.25 | 1422+222 419+128 39 5 160 | 6.69 | 6.82
0.375 | 1459+207 430+159 39 5 180 | 656 | 6.82
0.5 2039+170 601+226 42 6 280 | 6.42 | 6.83
0.625 | 1984+210 585+150 42 7 220 | 6.28 | 6.83
0.75 | 1639+196 483+226 42 7 160 | 6.24 | 6.86
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et BEBRES o EFRR S 0 TIERA 0.625%PF 0 § it
Afonk o TIHE LG ERAET AL A3 TS RAFLOHRE &

A5 154 B (%L

- ~pHAF2Z PP BHREHE (5 BRA)

Aok (mL) 2 (0)) &k (mL) 7 A (ML)
280 17.5 300 0 (0%)
280 17.5 300 0.1 (0.125%)
280 17.5 300 0.2 (0.25%)
280 17.5 300 0.3 (0.375%)
280 17.5 300 0.4 (0.5%)
280 17.5 300 0.5 (0.625%)
280 17.5 300 0.6 (0.75%)
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2~ S pHA K2 P HIBRENF (85 B)

Bk (mL) e i(0)) &k (mL) 7 @ B(mL)
430 17.4 300 0 (0%)
430 17.4 300 0.1 (0.125%)
430 17.4 300 0.2 (0.25%)
430 17.4 300 0.3 (0.375%)
430 17.4 300 0.4 (0.5%)
430 17.4 300 0.5 (0.625%)
430 17.4 300 0.6 (0.75%)

24 - pHPFLPIERAF BREFG BRA)
7 BAFE | FRwEAFE | CHa | CO2 | HaS | & | F B
B A (mL) (mL/gTS) (%) | (%) | (ppm) | pH pH
(%)
0 1065+121 269+49 39 2 ND 7 7.10
0.125 | 1225+78 359+13 41 7 200 7 6.82
0.25 | 1140+189 334+132 35 7 160 7 6.83
0.375 | 1321210 387+120 41 8 220 7 6.82
0.5 1123+62 329+15 35 5 120 7 6.84
0.625 | 1205+101 353+69 40 7 160 7 6.83
0.75 | 1109+34 325+18 39 7 120 7 6.83
2L - pHBFLPIEMAF BRE*(G BEB)
T | BRAFE | FRscEAFE | CHs | CO2 | HS | & | F RS
BB (mL) (MmL/gTS) (%) | (%) | (ppm) | pH pH
(%)
0 1065+121 269+49 39 2 ND 7 7.10
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0.125 740£67 218+29 40 9 160 7 6.92
0.25 1310+22 38612 38 8 260 7 6.88
0.375 | 128657 379+34 40 9 380 7 6.86
0.5 1381+39 407+21 40 10 380 7 6.85
0.625 1401+0 413+0 42 8 320 7 6.89
0.75 1089451 321+21 42 9 260 7 6.87
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