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Abstract

In this study, the experiment of mesophilic (37+1°C) anaerobic co-digestion of
swine manure (SM) and vegetable wastes (VW) was conducted to investigate the optimal
operational condition and mixing ratio. The whole study includes two experiments. The
first experiment was the co-digestion of digestate (the effluent of the primary digestion
of swine manure) and vegetable wastes. This experiment was to evaluate if the gas
production of digestate in the secondary digestion could be improved effectively after the
supplement of proper carbon source under different hydraulic retention times (HRT) of 8,
10 and 12 days. The influent of the primary digestion was 5% TS swine manure, while
the vegetable wastes used in the secondary digestion was controlled at 4% TS. Also, the
carbon to nitrogen ratio (C/N) of feed mixture of co-digestion was prepared and controlled
at around 30:1. The second experiment was the co-digestion of swine manure and
vegetable wastes. This experiment was to evaluate the gas production and the limit of
adding vegetable wastes at different mixing ratios of 1:0, 4:1, 3:1, 2:1 and 1:1 (SM:VW)
under a relative high organic loading rate of 5-day HRT. The influent substrates including
both swine manure and vegetable wastes were prepared at around 5% TS before mixing

and feeding.

The results of the first experiment showed that in test of adding 30% of vegetable
wastes to the primary digestate as feeding mixture (12-day HRT) could improve the COD,
TS and VS removal efficiencies of 5.5%, 7.81% and 15.77%, respectively, and also
improve the gas production rate (GPR) and methane production rate (MPR) of 0.26
L/L/day and 0.12 L CH./L/day, respectively. The results of the second experiment
showed, at 5-day HRT, the test of using 100% swine manure (SM:VW is 1:0) had the

best gas production performance with GPR, MPR and methane content of 1.70 L/L/day,
4
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1.06 L CHs/L/day and 61.90%, respectively, and the COD, TS and VS removal
efficiencies of 16.27%, 14.40% and 12.14%, respectively. In respect of adding vegetable
wastes for co-digestion, the test of 4:1 (SM:VW) mixing ratio had the best gas production
performance with GPR, MPR and methane content of 1.49 L/L/day, 0.77 L CH4/L/day
and 51.33%, respectively, and the COD, TS and VS removal efficiencies of 16.95%,

13.27% and 11.73%, respectively.

The results also showed to maintain the system working, the highest proportion of
the vegetable wastes could be added was 33%, i.e. SM:VW of 2:1. The MPR of (0.54 L
CHy/L/day and TS removal efficiency of 10.87% was observed during this testing period.
Beyond this adding ratio of vegetable waste, imbalance of reactor would be occurred due
to inhibition. To suppress the inhibition effect, addition of alkali (Sodium bicarbonate)
to adjust the pH value of influent and reactor, the proportion of vegetable wastes could
then lift up to 50%. In conclusion, the anaerobic co-digestion of swine manure and
vegetable wastes with high solids concentration influent and organic loading rate was

successfully proved, and a high gas production could be achieved in this study.

Keywords: anaerobic co-digestion, swine manure, vegetable wastes, methane,

wastewater treatment
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2.34 £ 16

AR R A — AR IR R % BRI BB RA R R Bl

B BRMRE S BARS R BEIL s R E A AWEE  REOHRY S M

22
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AFE SRR RN E o BLI R B F FIRFIRL AR R B AR RAR A R M)

R > — AR 2 IR AL -

4

Fujitactal. (1980) f£ Bk R EBEZRALHCAE T > BHEMLZ AL
&5 > E CN %A T4 BARAR BB B 2 7 1848 25-35 2 %08 > I sb £ AT
RFHAn e & ot RAFBREND o RBR (ZRMHZE THERE) M 2ULH
FEEAHE > gHE T EHCRMAE (FaBdE R 1-1) o

Alvarez and Lidén (2008) A3 A 4 35 454 & =2 35 ik & o ~ 2F 5% 1% 92 R R i
FNZRELEACARTY » AT EBHEATRGGETEHCILERTEAERE
ATEE B R B X HE 0 LA B % (Organic loading rate ,OLR) i 1.3 g VS/L/day
BF > VS Z k£ 5T 50%~65% > ¥ 4% & ¥ (Methaneyield) T 0.3 L/g VS added

(FFm B/ R MER 1-2) o

Kafleetal. (2013) X 3% R #8158 R AL HCAT A ¥ B~ > /2 HRT % 30
KT EHRARELG S EdH 25%38 % 33% (VL VS A% #)>OLR 4 1.6
g VS/L/day B > i@ f. & % & # iE @ 49 % % > Methane yield % 0.19 L CH,/g COD added>
{2 33%AEZE S0%H > Qe R AEFBROEEIAMEREDOHEAER -
Methane yield % £ 0.05 L CH,/g COD added (3 4m#3E B /4% 1-3) ©

Mazarelietal. (2016) 723 3 x4y ash £ L L RFIR AW R P 47 >

FE R HACE B P 3 3 E R M) R OLR K K A9 I+ T R B A 69758 /) > &

23
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S TR R AR A IR FIRAAER 42T 5k COD #9 Ik $1& 85% > 3B 5M%
BIFERG LR FE 00% > AEREXBERLE 7030 RSILHFARMELT
%% % 1.08 L CHy/L/day > R B COD Z &k £ 7T 70% (mEdk M4k 1-4) o
EHARE BT 4 - (1) BB AN (B 3 R%) 84 (2) K¥
TR Z UM~ i BRI F ORI (B) TRE B REF 5 (4) ¥ TR EZ
FRFEMAERR  (5) BSh A5 (B« 23R RA]); (6) XA AW T 5 M A #
Hagrts) 5 (7) RBEEIEZZTUARBEAHK (8) THREKSEZRBRIL ; (9)
T AR EA IR DA ~ FERWE 5 (10) i@ ARG FAER o mkiEt
AR (1) b REBRIARMEE; (2) TRELBESNRE ; (3)
¥R EEETNFIER; (4) TR B RRIEEIEMN ; (5) TRKEKBRAZE
TRAEF; (6) A AT KRB S 5 (7) J83E A i %A 74 23 A) A B R4
Y EHT R A5 (8) BRI L AT F B A4E 2 B B 4 (Braun,

2002; Mata-Alvarez et al., 2000) o

2.3.5 % &k

RREBEE T > AR T RIS —BAHAZZOVER T - RA SR IILE
IR BEBERE 0 A T BMER RIL 0 BRI A LA A EAT R - X R KH1E

Bh AR AR A A AT R B K89 8 497 2 ] (Khalid et al, 2011) - 55 % &89 R ¥ &

d0i:10.6342/NTU201603299



FNme EHERBAREL TR ERAZTZH T WASRESHIME
WY EREERETLOREBREDRL S THRAL > ABA mERE
(Comino et al., 2010) ©

FARCETRONBRIRAS R TS CHBENNARA 2T RALE
.2 (BOD)#r# & > 125k FIL(C/N ratio) QR 1& » Sy DA SR AN AR &
FHARAMHREAREY — BV ER T - BREDARSYHAL B 7 173
2] 1000 A EARA o AELAICRF T > FE&RGH B R Y TR — RIT A EMHTRE
10 B EBRMWAEER S MBS0 R E WA T AR RO KR RUE A
%] 4% A 49 °T 45 (Esposito et al., 2012) o

IR R A% RIL 89 SUBK P & 7 C/N ratio A48 25~35 > J& & AT BB BE X %
1% 3K A& (Scharer and Moo-Young, 1979) - & Wang (2009) &) 5 %, & 35 th /£ 5% 3 & e A
46% 49 S AL AT LB AL » TH e 10%49 F % E & ° /& Wuetal 2010)495F & F > %
E R NGB E BN R EREY e ok AR RS R CHBEN mBRAERE
ZERFAEHFILE 1620 B 25> P Rrbs 25 T3 R KOBREF -
3t 91 Hawkes (1980) &9 8F 76 4L 28 37, 5% RUPL A2 20 $2 30 BB > A RIFOREAE 5

77 Sievers and Brune (1978) &9 #F 72 B & 7+ 5 &b 16 2 & AF 69 34164 -
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F=F MMEFE

3.1 FrR AR

AFTRGE B R RN EAT T B AL AL T R IR AEZE FIRA
89 KA BRAR AR AR B A PRp -

R R AL B 3-1 B AR R RIS ER - B — A BREE X B
T LA WA RERR AN IFGRHHRT 554 12 X~ 10 XA 8 X) Rk
B > e REN T 0 69 8RR A TR AR KT EAT =R A
BRI BERAETUA TR L ERME - B — A EME X R FHOLAL
W ARG B4 954 F(HRT S R) » 54 32 92 35 35 /i 5 4 /2 AT AR 0L A PR Ap)
et THEAT AL > AR RAEE AR -

T — R E R =X R F Rk oy XAF > HFRERR—%K °

26
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| % g

[ KRBT R B RRBAK S REBEY j [ BRI ]

! !
EARR A (maﬁ&%ﬁ~%*&mj

M o =

@J

A
R1,R2,R34%

TEST 1
HRT 12 days

TEST 2

!
FY BB

HRT 10 days YW 20% YW 25%
TEST 3 || TEST7 - || TEST 8
HRT 8 days YW 33.3% YW 50%
| N |

g
o
N

'

XN BB PN

t
§
o
N

T T  ew T

....................................................................

[ Kame Rutm J

VW : ¥ % EH£ 4 (Vegetable wastes)

B 3-1 AARIRAL
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3.1.1 B — B R A5

BB — REAG B e A4 & 3-1 BroF 4 HRT 5 A =4 X B AT Test 1

Test 2 ~ Test 3 2 HRT 471 % 12 X ~ 10 £ ~ 8 X o kL4 = (AR JE4E Rl ~ R2 »
R3 > A TRk 5 5% 6L ~25L 250 Rl RJBIEZE KA TS S%Z 55 > 4
WA A REGEZRABK > BB RRAERKFGREEY - R R2
B R3 REAGR T AHBE—R2 ZHE R A 100% Bk > @ R3 LB A LB RA¥E
3B kR R 301 sl IR A R K o

B — X RBAG AL ISR & 3-2 Por > s RUR A5 R AREAR L 3:2 2 1k

Bl -

& 3-1 Tl —Z REAG B

Working HRT (days)
Volume (L) Substrate
0 Test1 Test2 Test3
R1 6 TS 5% SM 12 10 8
R2 2.5 R1 digestate 12 10 8

R1 digestate + TS 4%

R3 2.5 VW

12 10 8

SM: %4# (Swine manure)
VW : 3# % /K (Vegetable wastes)

28
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& 3-2 Fhr— X R EAGALIE AR

Working  HRT

Volume (L) (days) Start - up
R1 6 12 36LSM+24L AS
R2 2.5 12 I.SLSM+1LAS
R3 2.5 12 I.SLSM+1LAS

M: %43 (Swine manure)
AS : B #.75 & (Anaerobic sludge)

3.1.2 B —BAE B AT 5161

B = AR KNI G R MR THRTS X) > g6 BEXREMLE

fTAE R A PL i 1 TAE AT B 1L > AEXEAF AR E RS -

i
!

B — R4 BMRENE > 2 A-B MARRET  BRE—FH > RIEHE
Bk 3-3 A A4 Al B A2 > 47 Test4 ~ Test 5 ~ Test 7 Z B > H5%
bR A 1:04:1 7 2:1;Béléns Bl & B2 47 Test4 ~ Test 6
Test 8 Z XAy > HaprEmE XML, M A 1:03:11 & 1:1 0

HREBRACHEREETRAEEARTIRE FHMAE T ERFRLE 3 M
HRT B F i N T —2A 35 o Test4 A AL 3B B WA F I & RA40E —42
EBAAARLZBER L A TARTCAEZRELEZREORER AERBA
F B45 i 4T Test 5 & Test 6 2B o

BER =X RBAGALIE Mt do & 3-4 For > A5 55 3 BOR 05 RABEAR L 3:2 Z bk
Bl SALE) o
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& 3-3 B — R A BAE MR A

. Feed mixing ratio VW
Test Test notation SM:VW component (%)
T4-Al 1:0 0%
T4-A2 1:0 0%
Test 4
T4-B1 1:0 0%
T4-B2 1:0 0%
T5-A1 4:1 20%
Test 5
T5-A2 4:1 20%
T6-B1 3:1 25%
Test 6
T6-B2 3:1 25%
T7-A1 2:1 33.3%
Test 7
T7-A2 2:1 33.3%
T8-B1 1:1 50%
Test 8
T&-B2 1:1 50%

SM : %4# (Swine manure)
VW : 3£ ¥ B %4 (Vegetable wastes)

& 3-4 B — R FEAG AL R AR A

Working Volume HRT
L) (days)
3 5 1.8LSM+12LAS

SM: %4# (Swine manure)
AS: BKL#.5 R (Anaecrobic Sludge)

Start - up

30
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3.2 T H

321 RAFIE

BT PEAORATRARB Y ERMBESN=ZBEXBKRELAH T IT

Telg b R > IR KRR % > AABARERIEIEZ A

322 BHAE

BERTPHAEAZIIERBUATRESLFEEZ G R RMESEY > KEHY Y
HERE TS RE > BRATIFEAEAEZE TS EE A 5% > 5%k A7-20°C kiR -
HAER AT AAS E ACRFMB kK o

TRPAMIERIERBEIRAZLTE -RXIE T AT 1 2L
15 iRt AH B 3 (Cabbage) & 4% 3 & % (Chinese Cabbage) i & 4 > it A K VL 44 37 A% R
Ak R TSR > 2R B A#-20CKIE » FERATASE 4CRBERK ERHE

ﬁk(‘ﬁ)i' /%}3'2 °©

3.3 Thek R

e

Br— X B A BB 48 3-1 Bior > RI-R2-R3 A REAE £ 88> i ~ hik

VA% %) ¥ % (System model NO. 7553-80, Masterflex®, Cole-Parmer Instrument Co., IL,

USA) 4] > b iR d R —REAT SR KE 247 R E 2 A h K308 —

31
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° Rl HIR B RAF RIS M ARADITILR > oM A R2 BRIy RHE

E R EMRAE Rk 311 2 bR

Influent : 5% SM

»
'

effluent

A

o

Peristaltic pump

R1 digestate

R1 digestate + VW

’ﬁié] R3 (]Elll °

Gas sampling
<+ bulb
== | digestor
R1
s
R2
s

— d

VW

B 3-2 B&%—

32

R3
¥R AKRE

Gas meter

@ﬂ

Gas bag
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TR — e EREMRE Al ~ A2~ Bl ~ B2 > B85 A 4B E 40 8 3-3 Aior o

AREAE TR BRERBAE R ABRKEHRTRHKE

Gas sampling
> bulb Gas meter
Influent ; ; I @ j—d{j
Gas bag
4 [
Effluent
CSTR Safety
Peristaltic pump digestor bottle

33 AR —AHKEE

331 R EAE £ 828

FH—2 Rl RJEAE A4 7 L 2 id 448+ R &A% (Continuous flow stirred-

tank reactor, CSTR) > & A 2L TAF 2 #4(Working volume) % 6 L o Fx R1 4 > Eep R

JEAE R2-R3~A1~A2 Bl B2 A%+ 4 5L 2 CSTR » FHA A TERE#

S 2 250 ~25L~3L~3L 3L 3L o /g A AN, UEBREHER > P

8 25 B 2 P BEAE IR 3 2 R SR OR B0 o BRSNS A — B AR > R AME I X

KA A K BAE R AL 3T£1°C > B KB ERAR B ARBERENRIBAEFBE

18 R AL 4 3F 18 B AKRE > 4o B 3-4 FfioF o

33
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| Y ommiw
AT :
| H
L] - N
: B e
31
(o —»)
RO -
s | L =1

% N = KisAE

B 3-4 REAE EAEESRIBZM T E

332 REKEREZAEKE

R B 69 LR VA JE 445 (CAT. NO. 232-01, SKC Inc. USA) HCfE » £ £t
#172 X A8 R 2 3H(W-NK-0.5, Shinagawa Co., Tokyo, Japan) ] #) Ji & % & % & 4: 58
i AR ES ARPAMAZEM FEBAMAS I NEIMERAET  RERE
ANERRKE  BHLERREEX - W RLER T FE AT A A E £(Gas
production rate, GPR) » it ¥A 3k 41 3 AR I 4% 5% (Gas sampling bulb) N £, > WA &.48 /&
M4 (Gas chromatograph, + B & #7-8700T, Taiwan) 4F £.82 2 Ay 247 > B 2 F Iz

s & (Methane content) ©
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3.4 ¥ T ik

R EAE b R K &AEKEIE B Z R & > 9 M 7 ik 5 B Standard Methods (APHA,

1992) » #5744k 3-5° RIZIA B &8 A pH ~ 6% £ Z (Chemical oxygen

demand, COD) ~ 44 & Al 4y (Total solids, TS) ~ #E %14 B A 4% (Volatile solids, VS) o

ThR— 0 R — A8 R > 3R R E Tk A KSR R (Total kjeldahl

nitrogen, TKN) R 44 #%%% (Total organic carbon, TOC) ‘& 5 7 3R A #1% ©

* 3-5 KEPHAB RF %

Parameters Method

COD Standard methods - 5220C
TS Standard methods - 2540C
VS Standard methods - 2540E

TOC Walkley — Black method

TKN Macro — Kjeldahl method

3.4.1 pH &) %

i i 7% A pH meter (PHB-9901, AI-ON Industrial Corp., USA) #l= X pH /& - =

RIAT A pH 4 Fo pH 7 AR B 4 187 BAR 7 3B ATRE > AR TR AR BP T 2 R AR AR89

BRI

35
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342 {LEFREZA L

KRR H IR A Gk — ZNE R MAEE > I 25 mL AANEHREF > w15
mL COD digestion solution #= 3.5 mL & # 8 1% %5 4 > A% A\ COD Reactor (HACH
Co., USA)m#k 2 /0514 > 3 BB T 440 » A4 L KES (DR/2000 direct reading
spectrophotometer, HACH Co., USA)Rl = > 1£ A & & % 600 nm > & L% G XA R
BEAIE » B NARSu B T 2] COD 18 o AEEBREAT =R KB A AERA B R

COD # £ 2 ep T3+ A & COD 15 & > MBI B KEZEINE

3.4.3 HBE B YR E

e 33 eiF B N 550°C & B 44 (MF40, Channel, Taiwan) ¥ 30 5-4% > B

# E IR A s AEE (Tare, B) > B3R 20 mL 2 KA A5 > 30 B 74 103°C 1%

B 44 (DCM45, Channel, Taiwan) ¥ jo#k > I3 B R B A B ALIER F AN ETBHE

# & ( Tare+Dry, A) » K% EATHA

BEABHERE

TS, g/L = (A — B) x 1000/20 (3-1)

36
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344 BEEEBHA L

W 42 3 K RS 48 A 2R (103°C) 14 Z AR AR > 2N 550°C M4 P Aol > 2 /N BF R IR

R E A IEFE T 4 4pAFE (TaretDry, C) > RIZEATIHH ©

FEREL MR

VS, g/L = (A— C) x 1000/20 (3-2)

3.4.5 #A#HE(TOC)

AR 0.1 g4 > B4 500mL 4 # > AmA 10mL 2 IN & £ 8 47(K,Cr,07)
R R 20mL AEg R IO ER A GRIE > #FE 30 54 # AN 150mL %
#7K ~ 10mL85% A8 (HsPOy) ~ 0.2 g MAE 49(NaF) ~ 30 7% — 3% i (CeHsNHCeHs) 45

T > BAVL 05N X BB 3 4 4% 7 ik (Fe(NH4)2(SOy), » 6H,0) 08 . o

3.4.6 IR K(TKN)

1 mL S EAEEY > A 10 mL A MHSO,) > EASMmEE L
Ik 8 N L HEARBBAEHAZNEARLASBRE  KERHEZE 60
mL > 3R 30 mL ##% i5 & & 40 mL 4 8% BOKOE| 38 AT A48 0 BT 4740 B8R OB B4 0.01N
Z Hisg(HC) R & °
b HR A MR A S AWK RS S48 1 B A2 8% AP (C/N ratio) ¢

C/N = TOC/TKN (3-3)
37
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347 i e R 2

AR AT IR AR P Z AR 0 B 2 F i (Methane, CHy)Z 48 7% Efp) > VA R A8 @

#r4%(Gas chromatograph, F B & #7-8700T, Taiwan):#] & CH, 8245 & o F 48 A% ©

#3542 78) 2 (Thermal conductivity detector, TCD)$2 447 4 Porapaq Q (Supelco,

Inc., MO, USA):& 47 5.8 » BRAEBE VA R A (Helium) % 3 # #.4% (Carrier gas) > /&

i % 30mL/min> AR EBRE 4 120°C ZFH 2 RERBE 55 % 110°C & 75°C>

BHEIRE PR Ed Ol a6y CHy A28 AR E > B TR B BR AT 4 A

R F e — FAL AR Z R o be) 5 AR ERAE A 99.9999% % CHy & 99.999%z. CO,

Prea Ak o VB E 81 E R 548 KB 47 3] ¥ Ix 2 £(MPR, methane production rate) o

3.5 Bt ik

AFFRALR TR A A SAS 94 ) > AR F? T EAE TN E

(Analysis of variance, ANOVA) R R K %7 % % 3B 7% (Duncan’s new multiple

range test, DMRT) o

AAF R VA ANOVA RIER AL SR B R TR ER > X REBEERN F A

RiE SUEBEBHEAKE > QI LA R TR > A REHMEEMTE ; X FA

FHRBEKE AAFLRAREMEIA —HREHMELMF (ELAT2HREK

RIEHBEERE) > 127 —@* & FALE 3] 5% E KE > 427 WA 9 & T~

F ik 5] 1%8 85 KA -
38
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* FAEZ B3 K& > Al —F A DMRT # % % 300 B ik bhds o ) Bop st R 52

HAEE R 2 RRE KR REHMERM LA LR ABMAIAE LG TR AR

FH o 8 BRI E A 1955 5 Duncan Ffigig > A% L2 LR LB AALARE

AR 2 B ik (LR > 2010) o
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FmE ERATH

4.1 Eo—  BRAEEBEMZ R

BREIT R BAEF R Z M 5 Hrde & 4-1 BT > 5% 3 Z 5% R L(C/N ratio) % 30>
EXBEDZIRAILS 600 &k 4-2 A F I — 684 280 % 0-19 X A A2 g (Start-
up) > % 20 KB4 N HRT % 12 X 9388 —(T1) > FEMEAE EH > B E 24 R
H o 44 318 HRT A48 2 43:4F o % 60 KB4 A HRT % 10 R 6935 —(T2) > £
PALFE T > B 66 RALH > 445 3 18 HRT 2 234k - % 100 X B44: A HRT %
8 X#9RBR=(T3) > H#AEAE T > B4 104 KA H > 44 318 HRT A48 T 84F > 74
% 130 RERER— o

R2 #2584 R Z B K > LA —(T1-R2) ~ 3B =—(T2-R2) ~ &
=(T3-R2)Z 5% R 55 % 17 ~ 23 ~ 26 o %A% R3 A 258 i sk LR £ 30 > A5 3
RKBEDMNBRY RG> LT ERAARXR—(TI-R3) » K =(T2-R3) A X5 =
(T3-R3) % 53] % 30% ~ 20% B 10% o

* 4-1 BT RBIE ZE 54T

s W5 # ¥ RS

AS SM VW
pH 8.5 7.12 4.8
COD (g/L) 54.4 65.9 49.2
TS (g/L) 51.1 50.2 40.3
VS (g/L) 25.2 36.7 41.6
C/N ratio - 30 60

40
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R 42 T — R B 4 3
. HRT . Working g YW ATHE
KA %% A R
RX 5t (days) CES Volume(L) C/Nratio B 4tb
Start-up ST 12 #0-19 X - 30 0%
T1-R1 12 6 30 -
Test1 TI1-R2 12 # 20-59 X 2.5 17 -
T1-R3 12 2.5 30 30%
T2-R1 10 6 30 -
Test2 T2-R2 10 # 60-99 X 2.5 23 -
T2-R3 10 2.5 30 20%
T3-R1 8 6 30 -
Test3 T3-R2 8 % 100-130 £ 2.5 26 -
T3-R3 8 2.5 30 10%
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411 R1 B 2B B ABIAR E RO

Rl RIEEAEZ TAEREAE A 6 Lo B4 TS 5% 55 % (SM) o B 4-1 piow At

#KE—pHAE ~ COD~ TS ~ VS~ COD £ & ~ TS XM & ~ VS LM & B E R AL

78 7% % (Gas production rate, GPR) ~ ¥ }z £ % (Methane production rate, MPR ) »

¥ 452 (Methane content) Z %1t o R1 &M BB Z A H A Rk 4-3 B

0 & 4-4~4-6 Q| A R1 4 /2 R B XA A& FE B (Steady state) #9-F35 k3R -

RUE 41 2 2FHBETHRY > SRABAELAF 0 2% 8 RPEILRE > % 10 X

PSS MA-T 4 > BLRESH 20 X > BT RIEAHEEE T > THEARER—(TL) ©

T FI N B AR R B4R T > pH AR A L8 TR A4 AR M6 IR > HAF R4

FHE - EHEGTH TIE ORI Bk pH AR AT WRAS LRAEATIE

Fho BB 4-1 TR ERX pHAMFTREFOFHE R M A LMED > & TI

# 6.99 &% T3 #9 6.62 > {2 R JEAE A 2 pH /AR A B (ST) A LIk &9 > H &

ZTI Z T3 HHEBFMEHBT > AZELZEA 003 UT > BErRIELESE BT o

AT RGBT AE 69 TS BEIEHF A 5% > BB 4-1 FTRER

Z COD ~ TS » VS 47 # 748 > &k 4-4 Bk 4-5 7 69 ZIAAZ M 2 QAR B3 1E 49

5%VATF o
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4-1 7 7 # 4 0 kB R BE % K F) 15 8 B M(HRT) #9 % /) i T %> COD~ TS~
VS ¢y ha i E 2 Y9 o £ HRT % 12 %45 T1 #] » 842 COD ~» TS ~ VS 4~
% % 46.35 g/L ~ 41.69 g/L & 25.43 g/L > HRT % 10 X &5 T2 # M A 5% I+ £ 52.73
g/L ~45.55g/L % 27.40¢g/L > HRT % 8 %49 T3 #AM £ L £ 60.13 g/L ~ 46.87 g/L
B 27.84g/Le B b AR e KR FEOEZ TH o & DMRT k42> B T1-T2 &
T3 RE&XBRZ COD TS~ VS khf ARt 28  HAAMYL TI ZIXhEX
AT2ZxBE kAT 2E%h%E —CODXEBREF TI 23143%% % T2 2
20.83% > AMEZE T3 2 9.32% ;5 TS k%8 T1 X 15.59%% £ T2 2 821% > A%
Z T32450%;VS % %8 Tl 22643%% % T2 2 15.82% FH% £ T3 2 7.11%-

BT RIB R AWM= HRT 454 m L7 > 1+ B eF &4 > 24T A A
ZERAEEE o AR RILA S > B b AAE R3 RJBAG B AL A B > BRI
KX EH RO o

i HRT 4542 « AHAH 5340 LA 6 HALRA B AE % (GPR) > &1 T1 #
0.94 L/L/day 4+ % T2 # 1.17 L/L/day > i T2 #tg s+ % T3 49 1.19 L/L/day R4 28

FER o TIME AIBAE R REW LI A S > 48 DMRT B4 > T1 > T2~

i

T3 M FHETABEEER > 2R A 67.73% ~ 70.01% & 71.53% ; FIiZE £ B

T1 % 0.64 LCHy/L/day £ T2 % 0.82 LCHy/L/day » #JF £ T3 % 0.85 L CH4/L/day -
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BB k44235 RIAZHRT % 10 265 T2 XERIE A B S0 LT F I8 E &

273 % 0.12 L CH4/g COD added & 0.25 L CHy/g VS added -

% 4-3R1 RJEAIE &5 BB A A B T £

Test HRT COD loading rate VS loading rate
€s
(Days) (g COD/L/day) (g VS/L/day)
ST-R1 12 5.95+0.19 2.97+0.13
T1-R1 12 5.62+0.28 2.87+0.13
T2-R1 10 6.64+0.18 3.24+0.13
T3-R1 8 &.30+0.10 3.75+0.09
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% 4-4 R1 R JEAE &P Bk B 2 i 5 7% pH ~ COD

pH COD (g/L)
HRT
Test COD Removal
(Days) Influent Effluent Influent Effluent )
Efficiency (%)
ST-R1 12 6.97+0.11 7.23+0.10 71.35+2.27 54.34+4.93 22.89+9.03
T1-R1 12 6.99+0.08 7.12+0.02 67.44+3.41 46.35+2.31 31.43i4.14al
T2-R1 10 6.63+0.15 7.23+0.03 66.37+1.77 52.73+£2.98 20.83+3.10 b
T3-R1 8 6.62+0.07 7.25+0.01 66.39+0.81 60.13+1.26 9.32+1.43 ¢

& DMRT M 2 Z 4 % &2

a

£ F A3 {E EARAR T AR B 54 5 a=0.05 o
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4 4-5R1 REHE &S B RERZ B B TS~ VS

TS (g/L) VS (g/L)

HRT
Test TS Removal VS Removal

(Days) Influent Effluent ) Influent Effluent )

Efficiency (%) Efficiency (%)

ST-R1 12 52.12+1.89 43.89+1.20 16.22+4.40 35.67+1.60 26.66+0.68 25.82+3.94
TI-R1 12 49.1542.10 41.69+5.73 15.59+4.09 ° 34.40+1.55 25.43+0.86 26.43+3.28
T2-R1 10 49.51£2.20 45.55+2.73 8.21+2.47 b 32.40+1.28 27.40+1.75 15.8242.59 b
T3-R1 8 49.04+1.39 46.87+1.20 4.5041.79 < 30.01+0.70 27.84+0.51 7112233 €

¥ DMRT i 2 X 4 R LS BAH 2 R AT LR FHE F4 5 a=0.05 -
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% 4-6RI REBEEXMZIBAER - FTIREBEREE B ATFIRE R

HRT GPR Methane content MPR Methane yield - COD  Methane yield - VS
Test
(Days) (L/L/day) (CHs%) (L CH4/L/day) (L CH4/g COD added) (L CH./g VS added)
ST-R1 12 1.07+0.17 60.73+4.82 0.63£0.06 0.11£0.01 0.21+0.01
b C C b b
T1-R1 12 0.94+0.06 67.73£2.69 0.64+0.03 0.11+0.01 0.22+0.01
T2-R1 10 1.17+0.08° 70.0120.78 ° 0.8240.06 ° 0.120.01 2 0.25+0.02 2
T3-R1 8 1.19+0.04 2 71.53+0.66 ° 0.85+0.03 0.10+0.004 © 0.23+0.01 °

GPR: Gas production rate, MPR: Methane production rate
& DMRT #% & 2 45 Rl & Bk 2 F AP A LARAR T A Bl 78 5 0=0.05 °
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412 R2 2B B ABIAR E RS

R2 R EHE 2 TAEREAR % 2.5L > i % 100% 2 R1 Hi78% > 14 R3 RJE
M (BRAEFEBEYZ KAL) ZHBE > BREERRIARAN ok 47 7
> i B R R EIRRE AT AL R E R EZEAC R4 B 4-2 Rk 4-8~4-10 Browe

R2 R BALEh % 3 KB4 > 4645 R1 BRAEARFIEA > FILRREZIR
167 pH RBREF » AEAZMEIE > A% 10 RAeH > #HE L 10 X> £4 20
RBLR R EAER T ETEAE 2 > B AN —(T1) ©

BABRZpHAARZ T > R2ZIMABAKTAARBEAEL > LA TI 2718 £
T3 2 7.41 #9fshg £ 5t > R E T REAE K BFHIAE 209 81F > 2 Ml & F x4 &
H AR RIT
M K15 G M(HRT) 442 > RIS A BM AR E TS BAARM S SIEH
¥ohm o R RILIE S > b AR X R2 REHE > £ COD ~ TS ~ VS #44 E
k5t B TI1 # 37.63 g/L ~ 39.47 g/L ~ 22.88 g/L F+ 5 T2 # 42.46 g/L ~ 41.96 g/L -

2291 g/L » FHE T3 5 52.01 g/L ~ 44.54 /L ~ 23.73 g/L -
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HEpFZAZANRMAE > i TI & T2 £ T3 2414 > COD B 18.56% %t &

F+Z 19.13%4% > BEIE 2 13.18% > & DMRT *ie 2 > T1 A T2 #8832 % > #2 T3

AABEE 2R ;TS iR 8 5.69%H % 8.47% # % 5.01% » 42 DMRT 4 % » T1

BT3B 2R > HT2RABELZE; VS 4w Tl # £ T2 1548 DMRT 4%

EHBEN > B 10.58%7 % 16.02% > £ T3 HRAIBEELE LM THE

14.49% o ¥y pbdgm] » £ % 2 B b > HRT 10 K& 4 88 & 8.4 5 A

W2 e AR o

BERKRY > BREF S FRIEEGH LI AZ > & DMRT &4 2> T

i

T2 B T3 Z38MIERBETABRF LR - BRAZE R G T1 2 025L/L/day F+ £ T2

% 044L/L/day » B4 % T3 2 0.56 L/L/day  F %z B 4.4 fichg £t > 2 T1~ T2 »

T3 B Z FHE 5 % 43.30%51.24%~53.80% A B 5. & & B FIzEE % L

BARFIRE LALLM LI § Tl 20.11 L CHy/L/day £ T2 % 0.22 L CH4/L/day >

A4+ % T3 % 0.30 L CHy/L/day ©

B E A COD B E AL VS 2 Tl & F481t > ik 4-10 3 R2 £ T2 & T3 i &

BELR > AT ML S A BRAT FRAE S LB COD X FREF4

% % 0.042 L CH4/g COD added & 0.040 L CH4/g COD added ; ¥4 VS Z ¥ Iz & F

A 473 % 0.08 L CHs/g VS added % 0.09 L CH4/g VS added -
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%k 4-TR2 RJEAE &5 BB A A% B A7 %

—_ HRT COD loading rate VS loading rate
es
(Days) (g COD/L/day) (g VS/L/day)

ST-R2 12 4.53+0.41 2.22+0.06

T1-R2 12 3.86+0.19 2.12+0.07

T2-R2 10 5.27+0.30 2.74+0.17

T3-R2 8 7.52+0.16 3.48+0.06

& 4-8 R2 R A &I Bk B A8 b RUKH
. HRT pH COD (g/L)
es
(Days) Influent Effluent Influent Effluent COD Removal Efficiency (%)

ST-R2 12 7.23+0.10 7.33+0.07 54.34+4.93 39.09+4.52 30.05+£10.9
T1-R2 12 7.1240.02 7.18+0.04 46.35+2.31 37.63£2.75 18.56+4.62 °
T2-R2 10 7.23+0.03 7.26+0.04 52.73+2.98 42.46+2.06 19.13+4.28 2
T3-R2 8 7.25+0.01 7.41+0.04 60.13£1.26 52.01£1.55 13.18+1.79 b

¥ DMRT i 2 X 4 R LS BAH 2 R AT LAZREFHE F4 5 a=0.05 -
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% 4-9R2 R JEAE BFh B R 2k R RE

TS (g/L) VS (g/L)
HRT
Test TS Removal VS Removal
(Days) Influent Effluent ) Influent Effluent )
Efficiency (%) Efficiency (%)

ST-R2 12 43.89+1.20 41.55+1.63 5.63+2.90 26.66+0.68 24.41+1.24 9.11+£3.66
T1-R2 12 41.69+1.27 39.47+1.07 5.69+2.61 b 25.43+0.86 22.88+0.63 10.58+2.40 b
T2-R2 10 45.55+2.73 41.96+2.53 8.47+1.82° 27.40+1.75 22.91+1.31 16.02+3.14 %
T3-R2 8 46.87+1.20 44.54+0.64 5.01£1.37 b 27.844+0.51 23.73+0.17 14.49+1.83 %

¥ DMRT i X 4 R LS BAH 2 R A A9 LARREFHE F4 5 a=0.05 -
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A 41I0R2 RBHEXBIBRER S FIREEREE - BU AT FIRE R

HRT GPR Methane content MPR Methane yield - COD Methane yield - VS
Test
(Days)  (L/L/day) (CH4%) (L CH4/L/day) (L CH4/g COD added) (L CH4/g VS added)
PT-R2 12 0.40+0.14 49.9143.23 0.20+0.08 0.0440.01 0.09+0.03
T1-R2 12 025+0.02°¢ 43.3041.90 © 0.11£0.01 0.028+0.004 ° 0.050.01 °
T2-R2 10 04420.11° 51244057 " 0.2240.06 ° 0.04240.01 * 0.0840.02 *
T3-R2 8 0.56+0.01 53.80+0.51 0.30+0.01 0.040+0.001 0.09+0.002 *

GPR: Gas production rate, MPR: Methane production rate
& DMRT #% & 2 45 Rl & Bk 2 F AR P39 A LARAR T A Bl 78 5 0=0.05 ¢
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413 R3I 2B B ABIARE RS

R3 }iﬁg#&(l/ﬁ; %ﬂi R2 r]ﬁ;' 2 SL Z: ﬁ/}ll.?% Rl &:/}IL/U &/}ii]ﬂ

B F AR A R 0 AL F AR ROLHER L 30 o B BEER A K A AT Rk 4-11 BT o

ik H A KIS AT EAA B E RO R Z B A B 43 ~ k 4-12 Bk 4-14 FiF o

B4 R2 2 R3 REAE(GAE & YE 4|40 B 4H > AREIE ME AL ARAE — 30 >

R3 R AR AARER(ST) B FE R EX AT LM FARLIE 3 XM K

BN AER > R AHMAE RIS > BEFBLES 20 X > FEAN

aﬁ%"(Tl) W R3 RS ER2ZEAEN o

ﬁ/}lL/u&—szfﬁfa/ﬁ’j]D}\% }%}%#é]'fﬁsz Fﬂl‘j'ﬁL"FFk EbZ/\Tl T2~T3

ZBRP BmEERBREH LS 4 24 30% -~ 20% ~ 10% > R3 £ H 2 pHAE 5 % 5

£ 6.57~6.74~6.75 sz Ak > R3 H A A K 8 AL A R BABR > 42 £ %5 /£ 0.03 L

Tod Tl 2714 2 T3 = 731 {08 L4 o

M K158 R H(HRT) %42 RI AR A X A TR Hin A kh e 23

Hm o B RLFR & 0 R3EIRF P& e 3 E R R es| T 42K COD TS~ VS

BB RS LA > B T1 2 35.63 g/L~ 35.72 /L ~ 2031 g/L # % T2 % 41.26 g/L ~

39.43 g/L ~ 2327 g/L » S+ E T3 2 46.56. g/L ~ 40.17 g/L ~ 24.22 g/L »
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E iz SR RMEE > i T1 42 T2 £ T3 281t > 4 DMRT %4 % > Tl
Z COD %% 8 24.06%TFHE T2 2 1855%F % 22 > T2 £ T3 % 18.67%A)
ABEEER TS FRERZB TI X 1350%% 2 11L2%HEBALE£E > T2 2 T3 2
11.49% R & Ba 2% £ 7 5 VS X EFRSRAHREZ AL > i Tl 2 26.35%H%F T2
Z 18.11% > 2 T3HATHE 14.63% > KM S HFBELELE o

KM EXRFATHR EERBIENHRLSMAZZRMERIZ AT - BRE
%7 T1 B % 051 L/L/day » £ T2 B¥ %4 0.50 L/L/day > 4& DMRT 24 28 FEBAE £
BEoRETIEEFTE059L/L/day - FIBEEZ LA ABEZEZE > £T1 T2~
T3 B R %5 & 46.20% ~ 55.87% R 57.06% o B fmir i F I E 23R LI B
T1 % 0.23 L CHy/L/day £ T2 % 0.28 L CHy/L/day> & £ 4+ £ T3 % 0.34 L CH,/L/day

MA4I4EFRRIGTI -T2 -T3BMCOD X FIRELSABELR > B A
BT M > 9 5% 0.060 L CHy/g COD added ~ 0.054 L CH4/g COD added A

0.047L CH4/g COD added ; T1 ~ T2 ~ T3 Z ¥4z VS 2 ¥ )t & £ A% % 0.10 L CHs/g

VS added -
& 4-11 R3 R EAE BT BB A A 4 &
—_ HRT COD loading rate VS loading rate
es
(Days) (g COD/L/day) (g VS/L/day)
ST-R3 12 4.53+0.41 2.22+0.06
T1-R3 12 3.90+0.20 2.28+0.06
T2-R3 10 5.08+0.25 2.85+0.15
T3-R3 8 7.18+0.14 3.55+0.06
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% 4-12 R3 RJEAE &Fh B X B 2 B A K'Y

pH COD (g/L)
HRT
Test COD Removal
(Days) Influent Effluent Influent Effluent )
Efficiency (%)
ST-R3 12 7.234+0.10 7.30+0.05 54.34+4.93 38.75+1.61 31.4447.93
T1-R3 12 6.57+0.03 7.14+0.02 46.78+2.35 35.63+2.30 24.06+1.57 2
T2-R3 10 6.74+0.03 7.20+0.03 50.76+2.51 41.26+2.35 18.55+1.78 b
T3-R3 8 6.75+0.01 7.31+0.02 57.4441.11 46.56+0.97 18.67+£1.08 b

¥ DMRT iy 2 X 4 R LS BAH 2 Z A AT LAZREFHE F4 5 a=0.05 -
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4% 4-13 R3 RJEAE &Fh B X B 2 B A K'Y

TS (g/L) VS (g/L)
HRT
Test Removal Removal
(Days) Influent Effluent ) Influent Effluent )
Efficiency (%) Efficiency (%)

ST-R3 12 43.89+1.20 40.67+2.05 7.46+4.01 26.66+0.68 23.65+1.18 11.83+3.00
T1-R3 12 41.11£1.06 35.72+1.51 13.50+3.16 27.40+0.73 20.31+1.08 26.35+£3.01 %
T2-R3 10 44.11+£2.17 39.43+1.18 11.02+3.32 b 28.52+1.46 23.27+0.95 18.11+£3.98 b
T3-R3 8 45.97+0.97 40.17+1.42 11.49+3.09 b 28.37+0.50 24.224+0.63 14.63+2.80 €

“ DMRT A R X &R B RBE £ ZA T LAZAZ MBI F4 ;5 0 =0.05
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4k 4-14R3 RBHEMIBRAEFE S FIRBEERESR - BLAKFIRE F

HRT GPR Methane content MPR Methane yield - COD  Methane yield - VS
Test
(Days)  (L/L/day) (CH.%) (L CH4/L/day) (LCH4/g COD add) (L CHy/g VS add)
ST-R3 12 0.41+0.12 46.99+5.41 0.19+0.05 0.0440.01 0.09+0.02
TI-R3 12 0.5140.01 °  46.20+2.43 € 0.23+0.01 © 0.060+0.01 * 0.10+0.01 °
b b b b a
T2-R3 10 0.50+0.03 55.87+1.88 0.28+0.02 0.054+0.01 0.10+0.01
T3-R3 8 0.59+0.01 %  57.06£0.53 " 0.34+0.01 ° 0.047+0.001 © 0.10£0.003 *

X DMRT A R X &R B RBE 2 ZA - TFHE LAZAZTHE F4 ;5 0 =0.05
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4.1.4 R2 ~ R3 R EAE 42 A thiR

4-4 Bk 4-15 % R2 ~ R3 REAE X P35 Kk & B 69008 - B B 4-4 Ffp

A £ TLHMH > A HRT 4 12 R RIBIRAH A ALKHREAEY > T

B X AR AR RS R A RE  BATHBRITLRAAZ

Ay > Bk T1 342 R2 4§ COD~TS~VS £t R ezh 28R4 T1 BAM =

R3 #eh 4 Erh R4k > B2 T2~ T3 #0] R2 B 8 2 A % 248tk 8

f& o Bt R2 & Tl M I AREFRFIRERLAZREN > b T > FEHT

AR AR B AR 0 HRT 324 12 RERRE —FFEGE8F M S BRMF

WAt o ML TR MME T X AATRIE RIEERIRT > ABRERIY

PGB IR AERE R AR A LR TR E LR EREARRTHRZIMHA -

B 44 2 TL #aR] > B R AN 30%EEREHZ R REMN L AKRSEIE X

MR RARS > LA VS X EIRERABR > T 15.77% > FILE FLIE

Z¥EHh T 10% o

Z HRT 45424 10 R T2 #Af > A B RI i E AT S AR S TaLBp A

RZAMY > R2 X RBREH ES > L E BRI RIS > RIER T Ameg

ERBEHLHIEE 20% > AL R3 EAARM R FLAH THIAME > HiLE7

st R2 Z KR F > FluE FaeksA R2 e
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£ T3 M > A HRT %5422 8 X > AMKAT E RS R2EAAKDE
M RP4E T ARATEMAN10%E X REFHZRI SRR HYETRETF R RN
®kR2-RIARREFOFSEERR > BFEAMEE R °

FEERA KRB E > A BRINR R EEAR 49 R3 A B4R R2 - LH A T1 B >
EZBERO I MG RS > A R2 LR F 4B ——98 DMRT &2
RTR > TI-R3 Z &I #AEHR MPR R P E S BRESAE AR &R
f T1-R2 Z ZIBHAE A %4 R2 A R3 &3t ~AAM T LR R £ o

AP B COD # Methane yield Z b # % % 4% > TI-R3 RE 2 E 2%
2 > # 0.060 L CHy/g COD added > A=k T2-R3 % 0.054 L CH4/g COD added > %
ZETF AR T EEBENGEHI R3 R > T3-R3 = 0.047 L CHy/g COD
added » H¥ 138 £ =M% 4 R2 X &% > ¥ 5 34&1R/F A T2-R2 % 0.042 L CHy/g

COD added~T3-R2 % 0.040 L CH4/g COD added % T1-R2 z 0.028 L CH4/g CODadded°
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% 4-15R2 ~ R3 R e A = thig

F value T1-R2 T1-R3 T2-R2 T2-R3 T3-R2 T3-R3
HRT=12d  HRT=12d  HRT=10d  HRT=10d HRT=8d HRT=8d
RCOD (%) 21.64% 18.56° 24.06° 19.13° 18.55° 13.18° 18.67°
RTS (%) 25.90%* 569 ¢ 13.50 8.47 € 11.02° 5011 11.49°
RVS (%) 63.71%% 10.58 4 2635 ° 16.02 ¢ 18.11° 14.49 14.63 ¢
GPR (L/L/day) 110.2%% 0.25¢ 0.51° 0.44 € 0.50 ° 0.56° 0.59°
MPR (L CH,/L/day) 166.9%* 0.11°¢ 0.23¢ 0.22¢ 0.28 0.30° 0.34°
Methane content (%) 197.6%* 430" 46.20° 51.24 ¢ 55.87° 53.80 ¢ 57.06
?silgz 22;;123 58.02%* 0.028 ¢ 0.060 0.042 ¢ 0.054° 0.040 ¢ 0.047 €
i\fiﬁz z}iﬁs’l:dz; 48.14% 0.05° 0.10 0.08" 0.10 0.09 " 0.10

RCOD: COD removal efficiency, RTS: TS removal efficiency, RVS: VS removal efficiency, GPR: Gas production rate, MPR: Methane production rate

ANOVA $ 7 o Arss 22 FAE LAZ* 2 & £ —— * 1 p<0.05 £ B4tk 5S%BAE KE, ** 1 p<0.0] £ B1EiE 1%mEE % KE
¥ DMRT i X 4 R LS BAH %2 Z A9 LAREFHE F4 5 a=0.05 -
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42 FR=: HARELRENZ EH L

EE KN 12G 4 (HRT=5 X) THARANERSOKAET » H3

BESREE B ED LAY RAERSIL o KRERESE) (Start-up) B AL A R A

151)’1—4&%@' ]i):g \#ﬁ“ﬁﬂfi 4-16 o

BB —FF#E4E 4 /8 CSTR RJEAE » RJEIE dd —4AE —F#H—A1 & A2

# A 4R > B AT Testd ~ Test5~Test7 Z3REy > H¥E X B EMPAERA LI N A 0%

20% ~ 33.3% ; Bl A B2 % B 41 > #47 Test4 ~ Test 6 ~ Test 8 Z Kby > L ¥ X R &

Y FTAEBEAR YL 5 3 % 0% ~ 25% > 50% > R Test8 G A X B EMO AH 28 FHi

PR BR B B RAE > W H TR RME % 38 e NGk BR 84N R AR pH A -

BT Test 8 WASH R AT KBRARSF 2] F AR ~ FIo & FAMA — RME BARHF

HAEAE ZE Y 318 HRT & R ZM B -

WAk 4-17 P > % 0-30 XA Test 4 # KAn N3 KB R ik & AL BB

(Start-up) > % 16 £ % 30 R R f&4% ZH42 R > wBME X F e & fA0iE —48 T

BRI AN o % 31 R4S > A 48R4 Test 5 :RBy > K m AN 20%3E % &

4 > B 4LBAYS Test 6 XAy » BRI 25%EEBFEY > AdA% 37 RABALR

&l o B4AE 39 R AAR > 44 3 /8 HRT A2 24884 - % 57 XA > A

4R N Test7 B > R m AN 33.3%HEERHE4 > B 4L N Test8 Xy > B m A

o

50%EE BT o % 68 2% 80 K A& Test 7 245 T > Test 8 A k45 T Ak Ak

C(Vﬂ'
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* 4-16 F By — AL B BF R BT R ARG WH 54T

o TR 5 sk KBRS
AS SM VW
pH 8.5 7.12 4.4
COD (g/L) 58.4 65.9 59.4
TS (/L) 56.1 50.2 50.3
VS (g/L) 22.2 36.7 41.6

AS: BL&. 5 (Anaerobic sludge)
SM: %£3# (Swine manure)
VW : # % &4 (Vegetable wastes)

& 4-17 T8y = R AR BRAERAE

Test % 5% VW &= A ] i JiE HA & & A7
T4-Al 0%
T4-A2 0%

Testd 000 % 0-30 & % 0-16 £ % 17-30 &
T4-B2 0%

Tests o 20% % 31-56 £ %3136 & 4 37-56 &
T5-A2 20%

Testg 00 2% % 31-56 £ %3138 £ % 39-56 &
T6-B2 25%
T7-Al 33.3%

Tt % 57-80 £ %5762 £ % 6380 &
T8-B1 50%

Test 8 TR.BD s0% % 57-80 X % 66 X LAt -

VW : # % &4 (Vegetable wastes)
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4.2.1 Test 4 — kR E X BREWZE B ABER ZE RO

Test 4 v {8l R &A% 2 KA 3 X FE 693 B > 3 COD R VS #9758 # & 4 %
4% % 13.36g COD/L/day & 7.15g VS/L/day o % 4-18 £ % 4-20 % Test 4 493 4 &
KB BERFEHEFHE o 4o B 4-5 BB 4-6 > T4 35 > wAMIZ SBAHY -
RESZRETARS  BEHRE 16 2% 30 X o

Test4 &A& 69 i ~ KR X R EFARIE M AL > BIAF3 COD~TS & VS
5% % 55.96~57.49 g/L ~ 43.04~44.51 g/L % 31.18~31.75 g/L ; COD ~ TS A& VS #
34 M R R 5 %) & 14.98~17.28% ~ 13.18~15.94% & 11.45~13.04% ; GPR ~ MPR »
TR B B AL COD X I & & R B AL VS Z FIR & £ A5 %) % 1.64~1.75L/L/day~
0.99~1.11 L CH4/L/day ~ 0.07~0.08 L CH4/g COD added ~ 0.14~0.15 L CH,/g VS added -

HERAE HRA2BIARAHE > AB AR ARAREAE LR - ZASNBIL

XERERKR A% 16 REF 30 RAKM NI RBHRAE T E XA ABREE > TR
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% 4-18 Test 4 :RXER 238 B A KE

VW pH COD (g/L)
Test Comtent COD Removal
Influent Effluent Influent Effluent )

(%) Efficiency (%)
T4-Al 7.10+0.01 56.24+3.87 16.88+1.99 2
T4-A2 7.11+0.01 57.49+3.19 14.98+1.53 b

0 7.13 66.81

T4-B1 7.11+0.01 55.96+3.75 17.2842.47 2
T4-B2 7.11+0.01 56.92+4.89 15.93+3.51 2
T4-Avg 0 7.13 7.11 66.81 56.65 16.27

VW: vegetable wastes,
% DMRT # & 2 4 R & B3 £ R REFHME EARAR R ME F8 5 0=0.05 -
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% 4-19 Test 4 :RXER 28 B A KE

VW TS (g/L) VS (g/L)
Test Comtent TS Removal VS Removal
Influent Effluent ) Influent Effluent )

(%) Efficiency (%) Efficiency (%)
T4-Al 43.04+1.62 15.94+3.47 ° 31.18+0.93 13.04+1.13 °
T4-A2 44 51+£2.61 13.18+2.22 b 31.64+0.88 11.74+1.01 be

0 51.34 35.76

T4-B1 43.72+1.54 14.63+£2.97 2 31.44+0.90 12.31+1.57 ab
T4-B2 44.14+1.97 13.84+2.97 b 31.75+0.79 11.45+0.81 €
T4-Avg 0 51.34 43.85 14.40 35.76 31.50 12.14

VW: vegetable wastes
% DMRT # 2 2 4 R & B3 £ R REFHME EARAR R AME F8 5 0=0.05-
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% 4-20Test4 XX BRAEFZE - FREERER - BN AL FTIRE R

VW Content GPR Methane content MPR Methane yield - COD  Methane yield - VS
Test
(%) (L/L/day) (CH,%) (L CH4/L/day) (L CHy/g COD add) (L CHy/g VS add)
T4-Al 1.68£0.06°  62.21+1.08 1.04+0.05 ° 0.078+0.002 ° 0.15+0.006 °
T4-A2 0 1.64£0.07°%  60.54+1.23 ¢ 0.99+0.04 0.074+0.004 © 0.14+0.007 ©
T4-B1 1.75£0.09%  61.63+0.87 *° 1.08+0.05 * 0.081+0.003 * 0.15+0.005 *
oT4B2 17540.13°  6323£0.69%  L1140.07°  0083:0004° 0.15£0.008°

T4-Avg 0 1.70 61.90 1.06 0.08 0.15

VW: Vegetable wastes, GPR: Gas production rate, MPR: Methane production rate
42 DMRT A% € 2 4 RE R BAH £ R A 358 EARAR TR F 54 5 « =0.05
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VS, g/L TS, g/L COD, g/L pH

Gas/CH4 production rate, L/L/day

7.3
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7-1
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100
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1 100
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—8—RA1 VSe —&—RA2 VSe +0—RA1 RVS ~#&—RA2 RVS 90

DAN-D-D-DD AN
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100
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—e—RA1 MPR —*—RA2 MPR 80
—e—RA1 CH4%  —#—RA2 CH4% | 70
~ . 60
e A Q,A_A -
. g :_"\—GG’G\A,,-, PN W NN § 50
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Operation time, days

4-5A1 B A2 #Ei A 2 K EIL R E R FEL
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Methane content, %



VS, g/L TS, g/L COD, g/L pH

Gas/CH4 production rate, L/L/day
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4.2.2 Test 5 —Test 7 2B & A BAEH ZE RO

X Ex Test 5—Test 7 4% B 45 £dw &k 4-21 PioF > B4 =S 09 R B4 ) B i

RARR G AE > A EARAT LA o &k 4-22 £k 4-24 A4 Test 5 — Test 7 49

P B R KE BERBEL o BB 45 TS5 3y > W RBAS 37 XAk

ANFAE > BB % 3T RARHEF 56 REER TS ; T6 35> RBUME 39 XAk

ANTiE > BEHMBE 39 RAAFZEH 56 R4 T6; T7 &4 0 KBEAE 63 XATik

ANFAE > BB EHAHE 3 RAEHES B0 RERTT -

& 4-21T5~T6 ~ T7 R &+ A 4% A # &

VW content COD loading rate VS loading rate
Test
(%) (g COD/L/day) (g VS/L/day)
T5 20 12.87+0.28 7.17+0.24
T6 25 12.86+0.22 7.25+0.28
T7 333 13.58+0.08 7.31+0.07
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TS5~ T6 - T7 &Py BB 2 & 7% pH ~ COD 4v %k 4-22 fior o TS X2 4k
A2 AlL~A2 Wik A2 ¥ E b T4 2 0%38 4 20% > [ hilk A2 pH %
WA T A pHMZE 664> hiixpHA g T4 2 7.11 B4 6.83 - T6 K& 2
BAEB4AX Bl B2 M BAIEELHII A 25% A X pH KR 661> ik
Z pH F3H 5% 6.81 - T7 KEx R A4 TS XEn X A A mih > B A H E b
¥4 333% > B Z pH A E 645> hiix pH 3542 TS A9 » 4 /£ 6.83 o

TS5 $XExZ % COD % 643 g/L » A 35 COD % 5341 g/lL > Al ~ A2 %
COD =M & 457 % 16.65%R 17.24% > 4& Duncan’s 3 T 2B~ LBEE £ 2 ;T6
B2 ik % COD % 64.41 g/L > # A2 F34 COD % 55.05¢/L > Bl ~ B2 2 COD %
M F o 2 14.7% B 13.93% 7F & BAZ %2 F > Rl i TS5 A& T7 ik i < COD
I+ % 67.97 g/L> 3% F3 COD % 58.46 g/L> A1~ A2 2 COD /%4 %] % 13.92%

B1377%  £BEE 28>0 T62COD F*hETE£BELE o
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& 4-22T5 ~T6 ~ T7 &1 BB 2 i 4 /% pH ~ COD

VW pH COD (g/L)
Test Comtent Removal Efficiency
Influent Effluent Influent Effluent
(%) (%)
T5-A1 6.82+0.02 53.60+0.97 16.65+1.07 *
20 6.64 64.3 .
T5-A2 6.83+0.02 53.22+0.77 17.24+0.88
T5-Avg 20 6.64 6.83 64.3 53.41 16.95
T6-B1 6.81+£0.02 54.80+0.58 14.7+0.87 °
25 6.61 64.41 b
T6-B2 6.80+0.02 55.30+0.82 13.93+0.62
T6-Avg 25 6.61 6.81 64.41 55.05 14.32
T7-A1 6.83+0.01 58.41+0.21 13.92+0.52 °
333 6.45 67.97 b
T7-A2 6.82+0.01 58.51+0.26 13.77+0.67
T7-Avg 333 6.45 6.83 67.97 58.46 13.85
VW: Vegetable wastes

¥ DMRT i X 4 R L S BAH 2 Z A AT LAZREFHE F4 5 a=0.05 -
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TS5~ T6 ~ T7 &P BB 2 4535 TS ~ VS 4wk 4-23 7 o T4-T7 s # Z TS
5T e b 50 g/L > TS RERZ i 4 TS 4 50.63 g/L > hiAZ 34 TS 4 44.03 g/L >
Al ~A2 2 TS 2B 55 % 1235%R 14.19% > A2 2 k15 ZA51EA Al R
T6 KB it % TS % 50.62 g/L > hix 2 F3 TS %4545 g/L > Bl ~B2 X TS %
F o5 A 11.64%R 9.77% > T &BEHF £ R > FBE TS A48 ; T7 HER#E A X TS
I+ 2 5029 g/L > HiA T TS 4 44.74g/L > Al ~ A2 2 TS 15 £ 551 4 11.19% R
10.55% > EAE 282 > HT6 X TS ke RFafE£82 o

B VS ¥ LB EY L RA MM Lt AmfEE VS B> FaHE
EBEPZVSUURBEEREA AL ER EREEZEEZ LA LM TH-T5 X
B2 A VS %3565 g/L > HAZ T VS %3172 g/L> Al ~ A2 2 VS Xk &4
A % 10.56% & 12.9% » A2 Z Xk £A51E# Al RIEAE ; T6 KB 28 % VS % 35.77
g/l HiAZ T3 VS 4 3297¢g/L > Bl ~B2 2 VS £ %4 9.02% A 8.61% > &5
%2R 8 TS 24k T7T XEBRE A VS FH4 3656 g/L> i/ F35 VS % 33.22g/L>

Al ~A2 2 VS K %% 9.08%R 8.86% » mEa% 2% » #2T6 2 VS AR5 &5

L

>

i)

z
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& 4-23T5~ T6 ~ T7 &-F& B X & B TS ~ VS

vw TS (g/L) VS (g/L)
Test Comtent Removal Removal
Influent Effluent ) Influent Effluent i

(%) Efficiency (%) Efficiency (%)
T5-Al 2 06 44.49+091  12.35+0.47 % 15 s 32.14£1.09  10.56+0.37°
T5-A2 ' 43.56+0.84 14.19+0.51 ' 31.2940.97 12.9+0.63
T5-Avg 20 50.63 44.03 13.27 35.65 31.72 11.73
T6-B1 s 0.2 44.98+0.83 11.64+0.61 1577 32.89+1.02 9.02+0.47 ¢
T6-B2 ' 45.9240.65 9.77+0.48 ¢ ’ 33.04+1.03 8.614+0.49 °
T6-Avg 25 50.62 45.45 10.71 35.77 32.97 8.82
T7-Al 133 5029 44.58+0.44 11.19+0.95 36.56 33.18+0.47 9.08+0.63 °
T7-A2 ’ ' 44.9+0.52 10.55+1.05 ' 33.26+0.39 8.86+0.49 €
T7-Avg 33.3 50.29 44.74 10.87 36.56 33.22 8.97

VW: vegetable wastes

& DMRT M 2 Z 4 R % 828

*E2 R LA ERRTREFHE a=0.050
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T5~T6~T7 EMBEXMIBREER - TREEREF » BAAK FIE 4o

& 424 FioF o RIABAEAN PR R Z S MR AR T i a

nu\4

*

l\-k

P ERF

3, TS 457 T6 187 T7 o

TS AR X EIAE RO R T A A2 B ARMAEA AL > Al R A2 2

BREERS 5 %A 144 L/Lday & 1.53 L/L day ; FIREE 55 % 50.47% % 52.19 % ;

¥ )% & % #4 0.73 LCH4/Lday & 0.80 LCH4/L day; #4x COD X ¥z & % %4 0.06 L CHu/g

COD added ; #4z VS Z %)% & £ %4 0.11 L CH4/g VS added -

\

T6 XX &R ERLSMEER Bl A B2 I B FLBAELER > BRAER

%5l % 131 L/Lday B 1.30 L/Lday ; ¥ Jt i & 5 %) % 49.48% R 50.46% 5 F iz & 5 4

0.65 L CH4/L day % 0.66 L CH4/L day; % 4z COD % ¥ #z & % % 0.05 L CH4/g COD added;

B VS Z V& % 4 0.09 L CHs/g VS added -

T7] X2 EBERIVERE Al R A2 WHEZIBELEBE LR BRASR

j\j\

5 % 1.21 L/Lday & 1.20 L/Lday ; ¥ 3 & 4 %) A 44.39% B 44.73% 5 F I & & 4

0.54 L CH4/L day ; ¥4z COD Z ¥ ¥t /& % 4 0.04 L CHs/g COD added ; #4z VS Z ¥ iz

£ %% 0.07 L CH4/g VS added -
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K 424T5 To~TT XL BRAEF - FIRBEAEE S EMATFIREF

VW GPR Methane content MPR Methane yield - COD Methane yield - VS
T Content (o) (L/L/day) (CH.%) (LCH4/L/day) (L CHy/g COD added) (L CHy/g VS added)
T5-Al 2 144£0.01°  5047+1.09°  0.73x0.02° 0.06+0.002 ° 0.10£0.006 °
T5-A2 1.53+0.04 * 52.19+0.67 * 0.80+0.03 * 0.06+0.003 * 0.110.001 *
TS-Avg 20 149 5133 o071 006 o1
T6-Bl s 1.31£0.01 © 49.48+1.21° 0.65+0.01 0.05+0.001 ° 0.09+0.004
T6-B2 1.30£0.01 ¢ 50.46+1.05 ™ 0.66+0.01 0.05+0.002 ° 0.09+0.005 °
T6-Avg 25 131 4997 066 005 009
T7-Al 34 1.21£0.02 j 44.39+0.74 Z 0.54+0.01 j 0.04+0.002 Z 0.07£0.003 Z
T7-A2 1.20+0.02 44.73+1.19 0.54+0.02 0.04+0.002 0.07+0.003
T7-Avg 333 121 4456 054 004 007

VW: Vegetable wastes, GPR: Gas production rate, MPR: Methane production rate
%2 DMRT A% € 2 4 RE R B £ R R 358 EARAR TR F 54 5 0=0.05
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4.2.3 Test 4 — Test 7 Z 424 tb#x

o & 4-7 piow > Test4~Test 7 &9 3% AL b &% 0% ~ 20% ~ 25% & 33.3% > /& &

BHAB R T EATHEAL o k425 2 T4~T7 WX L8 5 ATRAALE > &

i ANOVA # 5 o MR &R HEREE R LR > & LA BT AT T4 £

T7 423t 10 42 5 W B % 8BS £ 20 427 — (855 & 7 F i1k 5] S%E % Kk >

P10 S T BUAR £ 7 > AR MBS AT FALE 2] 1%ARBAHE KR - &K 4-26 7

EIBHMAB X FAL S EAREE K% > 1 —2F L Duncan # % % 3Rl Bk b > b

TFHAMEE > A EBREER -

b2 pH BEREFEAEL S 0%8F 2 7.11 £ 20%3# ¥4kbx 6.83 1% > #

HEAE LA 25%F 33.3%=2 T6 ~ T7T B8 b R K » #H /£ 6.81 ~ 6.83 > £ T8 B

pH RIBE % > &% pH 6.81 &2 R B TS £ BAE R RIS IESE o

COD ~ TS ~ VS Z b Amit > B R EAELA 0%F 20%HF 2 -k %48

1o B A 25%FF X BAN > mAk b % 33.3% 0 IEhg 4% > BB L A 25%FF 2 ¥

15 KIKABUL o COD & F 50 % 16.27% ~ 16.95% ~ 14.32% ~ 13.85% ; TS £k %

% 14.40% ~ 13.27% ~ 10.71% ~ 10.87% ; VS XM % 12.14% ~ 11.73% ~ 8.82% ~

8.97% -

RSt BRE X B T4 2 T7 5% % 1.71 L/L/day~1.49 L/L/day~

1.31 L/L/day ~ 1.21 L/L/day ; ¥ %2R B 2% 2 61.90% ~ 51.33% ~ 49.97% ~ 44.56% ;
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¥ k% ZE £ % 1.06 L/L/day ~ 0.77 L/L/day ~ 0.66 L/L/day ~ 0.54 L/L/day ; ¥4z COD

¥ 4% & & 4 0.08 ~ 0.06 ~ 0.05 & 0.04 L CHy/g COD added ; ¥4 VS 2 F )% & % A

% 0.15~0.11 ~ 0.09 % 0.07 L CH4/g VSadded °
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& 4-25 T4 £ T7 w938 X &0 5 M HAE L

Test

F value T4-Al T4-A2 T4-B1 T4-B2 T5-Al T5-A2 T6-B1 T6-B2 T7-Al T7-A2

VW = 0% VW =20% VW = 25% VW =33.3%
RCOD (%) 8.67%* 169% 150%™  173* 159%™  166°  172° 146>  13.8%  13.9° 13.8°¢
RTS (%) 11.18%*  159°  132°  146® 138 1229 141° 113% 9.7° 113%  107%
RVS (%) 49 2% 13.0° 117" 123® 0 115° 1054 129° 9.1° 8.6° 9.0° 8.7°
GPR (L/L/day)  123.25%  167° 1.64° 1.75° 1.75% 1449 1.53¢ 1.32°¢ 131°¢ 1.23° 120"
@ Cl}whl/)sday) 31529%*  1.04°  0.99° 1.08*  111*  073°  080% 065" 065" 0558  054°
Meﬂ(lzrg;/(o’;ltem 305.7%% 622 605°  61.6%  632°  503° 5249 4907 4997 445%  450°
Methane yield —

COD 377.26%*  0.078°  0.075°  0.081*  0.083° 0051° 0.056% 0050" 0.051" 0040%  0.040°

(L CH4/g COD add)
hfztgﬁjgyi\i?;dz)s 357.42%%  0.146°  0.139° 0151  0.155%  0101°  0.112¢  0089" 009"  0075%  0.074%

RCOD: COD removal efficiency, RTS: TS removal efficiency, RVS: VS removal efficiency, GPR: Gas production rate, MPR: Methane production rate
ANOVA # 5 #i# RZF AL EAR* SR X & R —— * 1 p<0.05 £ B4 S%BIH KA, ** 1 p<0.01 £ ZAAE 1%IBEH KA

¥ DMRT i 2 X 4 R LS BAH 2 Z AT LAZREFHE F4 5 a=0.05 -
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4.4 RAF I3 R YRR 6 T

4o %k 4-26 pror > T1-R1 ~ T2-R1 ~ T3-R1 ~ T4-A,(Ayg k A1~ A2 Bl B2 2

XA EA TS %450 g/l 2563 > [E3% HRT 12 G Ml 694542 ~ A A I Ao >

GPR ~ B MPR %A Z#3¢ 2 M3 > R BALF iz & £R)2 2 & KM

HRT 10 X854 & K69 812 VS Pl & £ cHRT S KBE & 7T 443 RBAE 2 0EF 34k

A RMAEZ MPR -

% 426 HRT % 12~ 10~ 8 ~ 5 Rz ¥

HRT Working OLR GPR Methane MPR Methane yield
TSt paysy  OMME o VSLiday) (LLday) oM™ (L CH,/Liday) (L CHe VS added)

ays a a a adde

O N Y Y ) PR 't
TI-R1 12 6 2.8 0.94 67.73 0.64 0.22
T2-R1 10 6 2.85 1.17 70.01 0.82 0.25
T3-R1 8 6 3.55 1.19 71.53 0.85 0.23
T4-Ayy 5 3 7.15 170 61.90 1.06 0.15
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4.5 kb

AH R4 R E A A Bk S BOR R R 3 AT AL BB X SURK et de 4k 4-

27 fio > AR/EXRBEDZIREGRBZ S EH T -

PR EM AT F R/ EXRS AR EZRE TR 0 A RERITFZ

GPR ~ MPR %A 182 k3R, o f£ Mazareli £ A (App. 1-4) &%+ > A A A

# %% 11.0 g COD/L/ 89K 8% (VW 30%) % 5.2 g COD/L/d (VW 20%) & %5

ZERKATFARBAFRIGER > WA ELREAA =R AREIRXBRUA

A T0%69 % L 30% 0 KK > BAMBIEZBENML ) AYERYV AT

B RS AR LA MM 2 3 0 B b/ HRT 42 G40 T 78 T A 1R 49

i

ERAR B IRIEH AR TR E 39 L 2 AR R EE 2K AR o bt

EPRBIREBRYER D THME > BIL T/ NA T E T AWM

MAGAE RGO - MATRANWERERRTHIRKFREY —FXEFR

Yo ReR XKEHE > REMRE @it e R LA B S R4

2 Hth v 5E 3 BOR RO SR AT AL B SRk AR P 0 AT R /&2 HRT

BRIGHFTITRESREE 9ARATE - SERXBEHLA ZER > 1735

BEIERKR -
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& 4-27 KA REE R HAL SUR L

Material Operational conditions Influent Effluent Biogas
. OLR OLR COD VS  COD removal VS removal GPR MPR CH,4 Ref.
Co-substrates Ratio HRT . , pH
(g COD/L/d) (g VS/L/d) (%) (%)  efficiency(%)  efficiency(%) (L/L/day) (L CH,/L/day) o)
SM:VW 67:33 13.58 7.31 5 6.8 3.7 13.85 8.97 6.8 1.21 0.54 45  This Study
SCSSW&SCSM
67:33 - 0.13 30 - 4 - 52.4 7.4 0.08 0.04 56 App.1-2

:FVW
SM:VW 70:30 11.0 - 2 2.2 17.1 - 7.4 1.86 1.08 58 App.1-4
SM:VW 70:30 4.1 - 4.5 2.2 93.3 - 7.8 0.03 0.01 33 App.1-4
SM:VW 70:30 0.2 - 6.5 2.2 96.2 - 7.9 0.01 0.01 71 App.1-4
SM:VW 75:25 12.86 7.25 5 64 3.6 14.32 8.82 6.8 1.31 0.66 50  This Study
SM: CS 75:25 - 3.84 16 - 6.14 - 46.4 7.1 1.17 0.79 67.3  App.l-1
SM:VW 80:20 12.87 7.17 5 64 3.6 16.95 11.73 6.8 1.49 0.77 51 This Study
SM:VW 80:20 52 - 2 1.1 344 - 7.3 1.41 0.99 70 App.1-4
SM:VW 80:20 3.1 - 4.5 1.1 89.6 - 7.5 0.40 0.30 75 App.1-4
SM:VW 80:20 0.2 - 6.5 1.1 94.1 - 7.3 0.03 0.02 73 App.1-4
SCSSW&SCSM 0.07~

83:17 - 0.13 30 - 4 - 54.2~67.3 7.7 0.04 51~53  App.1-2
:FVW 0.08

CS: corn stover
FVW: fruit and vegetable wastes
SCSM: solid cattle and swine manure
SCSSW: solid cattle and swine slaughterhouse wastes
SM: swine manure
VW: vegetable wastes
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LHACRG > TRARBLTREF > HERS A A RFSRIT » £ LARR -

BN KR EEA G AARBET XRABRLTRES  FNHIK
IR NP TS Y EES T RETT T SRS PONTE $ 3 IR

FES TSV rH -

5.1 &34

| AH—H2EHh > UWRAEEFXEEZRE > MAELBRENLELIRE
7 APTAF4E ROFAEA R NI R Z R FEAg o b W N 30% ¥ E B Fmz 2
AL B 7 XA ZEHE RS > £ HRT % 12 & ~ OLR % 3.90 g COD/L/day % 44
#F > Methane yield *Ti% 0.06 L CH/g CODyggeqd > 1% B A KA 3E £ B E WX RE
H49 0.03 L CHy/g COD,eq ©

2. BB EAAEREROBRBAIMGHT  EXBEDZI oL E
% Ti 33.3% > X pH % 6.83 A4 > 3bBF COD 2 VS % OLR 45 % 13.58 ¢
COD/L/day B 7.31 g VS/L/day ; & F 55 % 13.85% B 8.97 ; Methane yield 5%

)éy 0.04 L CH4/g CODadded R 0.07L CH4/g VSadded °
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5.2 3%
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(iE=3

MHék 1-1 e K BoRAEAE 55 2 R AL F L AT 2 (Fujita et al., 1980)

Material Operational conditions Influent Effluent Biogas
. Working OLR RT VS removal Methane yield ~ CHy
Co-substrates ratio pH VS(%) C/N pH
Volume (L) (g VS/L/day) (days) efficiency (%) (LCH4/g VS add) (%)
Pig manure: corn stover  75:25 30 3.84 16 6.6 6.14 10.3 46.4% 7.1 0.205 67.3

39°C conical, cylinder-type digester with an internal diameter of 23 cm, a circulation pump, a temperature controller
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ok 1-2 EAN MR A5 FHBED  TRHERRARI B RN IRALHEHE (Alvarez and Lidén, 2008)

Material Operational conditions Influent Effluent Biogas
Co-substrates  Ratio (wet weight basis) Reactor OLR(gVS/L/d) HRT VS(%) C/N VSremoval efficiency(%) pH Magrtel CH4%
(L CHy/g VS added)
2:2:3:93 0.31 30 09 51 8.7 7.4 0.25 52
8:7:11:74 1.31 30 39 51 52.4 7.4 0.32 56
15:12:20:54 2.03 30 61 51 51.8 7.7 0.26 55
8:7:11:74 3.80 10 38 52 47.1 6.7 0.12 44
1:1:1:97 0.14 30 04 52 9.3 7.4 0.14 59
8:7:11:74 35°C 2L 0.78 50 39 5.1 67.6 8.1 0.31 54
25:0:0:75 semi- 0.49 70 34 51 60.4 7.7 0.34 55
SCSSW : Ratio (VS basis) continuously
SCSM: 100:0:0 stirred 3.4 34.5 7.7 0.06 45
FVW: 0:100:0 stainless steel 8 38.8 7.4 0.21 56
(Dilution) 0:0:100 digesters 9.3 19.2 4.4 0.002 2
50:50:0 4.8 51.7 7.7 0.26 57
0:50:50 V=18 L 8.3 56.6 74 0.32 50
50:0:50 0.13 30 4 4.4 53.8 53 0.04 25
33:33:33 5.1 52.4 7.4 0.32 56
67:17:17 4 67.3 7.7 0.27 51
17:67:17 6.3 54.2 7.8 0.32 53
17:17:67 6.6 67.4 7.8 0.35 51

SCSSW solid cattle and swine slaughterhouse wastes composed of 57.1% rumen, 33.5% blood, and 9.4% pig's paunch wastes. SCSM solid cattle and swine
manure, 71% cattle manure, and 29% swine manure. FVW fruit and vegetable wastes. (14% Orange, 9.2% Banana, 8.6% Grapefruit, 7.5% Locoto, 6.4%
Cucumber, 6.2% Lemon, 5.9% Onion, 5.2% Sweet pepper, 4.8% Tomato, 4.7% Cassava, 3.1% Lime, 2.5% Tangerine, 2.4% Pineapple, 2.3% Radish...)
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P4k 1-3 92 B JA R M disk LR AL LT R (Kafle et al, 2013)

Material Operational conditions Influent Effluent Biogas
Co- . Substrate loading HRT VS COD removal Methane yield CH,4
ratio Reactor
substrates (g VS/L) (days) (%) efficiency(%) (L CH4/g TCOD added) (%)
100:0  36.5°C Batch test 2.5 - 822 13 281 79 7.77 0.25 49
1.2 L glass bottles
0:100 WV=0.8L 2.5 - 825 385 27 84 7.9 0.27 81
0:100  306.5 Batch test 5.0 - 82 385 27 81 7.77 0.26 76
2.3 L glass bottles
33:67 WV=18L 5.0 - 825 6.87 11.1 83 7.8 0.27 67
OLR(g VS/L/d)
AW:SM 25:75 1.0 - 6.14  9.05 - 7.85 0.24 76
25:75 1.0 - 6.14  9.05 - 7.76 0.20 76
2575 3,6'3 8°C 1.4 - 614 9.05 - 7.37 NA NA
Continuous test 10
25:75 551 CSTR 1.6 - 6.14  9.05 - 7.56 0.15 74
33:67 WV=451 1.6 - 6.87 11.1 - 7.82 0.14 76
33:67 1.6 - 6.87 11.1 - 7.81 0.19 79
50:50 1.7 - 843 154 - 7.13 0.05 44
AW : Apple waste SM : Swine manure
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MéE 1-4 EBEXEBREDIAFELHILZIRERSLAEL (Mazareli et al., 2016)

Material Operational conditions Influent Effluent Biogas
. MPR
. Working OLR HRT COD COD removal CH4
Co-substrates ratio pH . pH (LCH4/ g
volume (L) (g COD/L/day)  (days) (g/L) efficiency (%) (%)
CODadded)

39 5.5 2 62.6 7.4 0.11 80

100:0 86.5 0.9 4.5 6.8 11 18.1 95.1 7.2 0.14 83

128.9 0.1 6.5 96.6 7.4 0.1 81

39 4.0 2 16 7.2 0.16 73

90:10 86.5 1.5 4.5 5.7 8 13.9 92.7 7.3 0.13 77

128.9 0.1 6.5 95.3 7.4 0.2 82

SW: VW

39 5.2 2 -34.4 7.3 0.19 70

80:20 86.5 3.1 4.5 5.7 11 22.5 89.6 7.5 0.098 75

128.9 0.2 6.5 94.1 7.3 0.1 73

39 11.0 2 17.1 7.4 0.098 58

70 : 30 86.5 4.1 4.5 52 22 27.4 933 7.8 0.024 33

128.9 0.2 6.5 96.2 7.9 0.05 71

high-rate horizontal anaerobic reactors with fixed bed (HAFB) : totally filled with bamboo rings as biomass immobilization. The bamboo rings with 75%

empty space provided the support medium for fixed bed.

SW: swine wastewater

VW: vegetable waste (70% tomato and 30% banana)
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