4 F R RPIF g

? BIERE M PSP

=+
q’—
DRECESRE & £ RN NS i

2015.7.17

Lab of Professor Sheng-Shung Cheng ;"%%
Department of Environmental Engineering, Zﬂ%
NCKU %



-,

7=k

N

HEE LR T e mamgE Al
e A I S A R

R R =Y FAT R e
B B oo Y R E R e o SO EA
ELARREE A ARG o 1T E RT 5K Ty
FE A b R 5 Rk cnB ISk AC S B oA > $
AfangEit fEde g 2 R g BEEREZE
bl A R BRARR 2 RRE FEFERCLRR
PR, RERE A AR ER T E
D RE FE e AT e
AR R OEE BERY ERFFA
AL FAR2 e BAT2 ¥ =€ RE A
PR G A RY A e T
RHRF AP EPEF I T E A TE D&
F O OTRE A L im0 FE
H a2 Fivgdie, NHBTIREFF

-1- Lab of Professor Sheng-Shung Cheng ;‘%@
Department of Environmental Engineering, * v ¢
NCKU



2 v+ g2 2L
-l e s X 7

ARy A& WF.Owen (1979)z 4 it ® ¥z Z i 3% (Biochemical
Methane Potential, BMP) = ;= » k:#f& 7 'z [z i i o

B R RN A
Seeding: % 5% ~ 25k

HAcl —
Substrate : fif f 4
Seeding : ~ 2 " it 23 H (20L) 05 &

HAC2 2 'ﬂ 21 (200)77 ¢
Substrate : fif i 4
Seeding: % x5 % ~ 25k

Cs1
Substrate : ~ 2 387 75 -k 4= RICRERl

| \ ﬁ % Air vacuum.
S
L

My =00
o 8 gl
70% 30% ARARA R

Anaerobic transport of seeding & substrates Lab of Professor Sheng-Shung Cheng _ %
-2- Department of Environmental Engineering, °, §
NCKU



FOZPRRE TR RO FR A TR L T A R

HAc1 350
& Hev SyfX, 0 005 | 01 | 015 | 02 | 025 | 0375 | 05
AFIERS,

CoDt(mg/L) 0 200 | 400 | 600 | 800 | 1000 | 1500 | 2000

WA kR X,

MLVSS(mg/L) | 4000 | 4000 | 4000 | 4000 | 4000 | 4000 | 4000 | 4000

HAc2 35C

& Hev SyIX, 0 002 | 004 | 007 | 01 | 012 | 016 | 0.2
AFIERS,

CoD(mg/L) 0 200 | 400 | 700 | 1000 | 1200 | 1600 | 2000

Hed Pk B X,

MLVSS(mg/L) | 10:000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000

Cs1 Py

G Mot SyfX, 0 005 | 01 | 015 | 02 | 025 | 0375 | 05 ;
AFIERS,

CoD(mg/L) 0 200 | 400 | 600 | 800 | 1000 | 1500 | 2000 | 4000
Hed Pk B X,

MLVSS(mg/L) | 4000 | 4000 | 4000 | 4000 | 4000 | 4000 | 4000 | 4000 | O

3 Biogas Production Curve model fitting Michael is Menten I\/Iodez
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Biogas production curve model fitting

g0 | © Experimental curve
_ 30 F - Model regressed curve .o B o
0O 0O
GCS 70 F 5 _ o ° -
8 60 |
2 50 A=0(hr)  Rm=0.30(mL/hr)
v 40 A=73.0(mL) RSQ=0.9594
g 30
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0 \ \ \ ,
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Time / hr 9 F
80 F
=(5-t+A)-ex ex{ Rm-é (4 t)+l} GCJ'?O I
Y= P17 (5-t+A) g 60 |
A ¥k EE (hr) g 50 F
Rm &~ #& % i#& 5 (mL/hr) o 40
O M is g E A & (mL/hr) 2 30
Acd RS EBCE R E Y FE(ML) 2 20
3 10

d Rmiz s a Fant g 9 bzg & .

1000

(]

— Model regressed curve

d Rmgg 3 & @et g 7
i# 5 =9.69(mL/gVSS-day)

Experimental curve

A =0(hr) Rm=0.38(mL/hr)
0 =0.039(mL/hr) A=47.9
RSQ=0.9959

=12.27(mL/gVSS-day)
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Michaelis-Menten Model for Kinetic Study

V:l/o + Vmax S ------------------------ Eq2.
S+K_

V . Specific methane production rate
(mL/gVSS/day)
V, : Substrate blank specific methane
production rate (mL/gVSS/day)
V. - Maximum specific methane
production rate (mL/gVSS/day)
S : Substrate concentration (mg COD/L)
K, : Michaelis-Menten constant
(mg CODI/L)

SMPR

<
o

conc.

Fig.11 Michaelis-Menten model curve.
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Figure Cumulative biogas production(mL) vs Batch HAc biodegradation time(hr)
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FHEFART RS AT LD G KFAWTD (RAEATS - ) 35C

A ER FB 200 400 600 800 1000 1500 2000
Initial MLSS(mg/L) 5720 5550 5810 5910 5840 6100 5950 6080
MLVSS(mg/L) 3970 3900 4120 4310 4200 4460 4390 4390
VSS/SS 069 070 071 073 072 073 074 0.72
CODt(mg/L) 6182 5683 6298 6221 6912 /728 7920 8064
CODs(mg/L) 171 330 407 484 706 960 1594 2131
NH,*-N(mg/L) 168 - - - - - - 157
TKN(mg/L) 477 - - - - - - 591
Final MLSS(mg/L) 6550 5180 5340 5280 5190 5390 5410 6550
2(212?;) MLVSS(mg/L) 4770 3970 3940 3920 3930 4160 4320 5120
VSS/SS 0./3 077 074 074 0./76 077 080 0.78
CODt(mg/L) 4918 4702 4643 4564 4761 4722 4427 4210
CODs(mg/L) 314 270 277 276 258 282 265 304
CODt (%) 204 173 263 266 311 389 441 4738
NH,*-N(mg/L) 178 - - - - - - 161
TKN(mg/L) 431 - - - - - - 467
Total COD biodegradation and Cell growth within 12 dayslab of Professor Sheng-Shung Cheng %
-7- Department of Environmental Engineering, *, G ¢

NCKU
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600 - | HAcC1
- O Bxperiment Value
- Haldane Model Prediction
50.0 +
: O 0O
> .
iy f R
> N max
= g 30.0 - R= K S
P35 i 1+ "+ (=)
= I S Ki
B I
20.0 +
I R—=93.5 Km=188.4 é % ¥ (mL/gVSS-day)
i Ki=2890 n=4 K = £ ﬂfr/};‘)i(COD)
100 + S*=1280 "a‘v’r’# /& (COD)
N e FE e
S :k & (COD)
0.0 | Y |
0 500 1000 1500 2000

Initial COD Concentration (mg/L)

Figure Initial HAc-COD-biogas conversion rate vs HAc-COD concentration tab of Professor Sheng-Shung Cheng %
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The Cumulative Gas of HAc2

Sy:HAC-COD
100
~+-2000-2 = 2000-1 & 1600-2 > 1600-1 X o
oo | 12002 ©-1200-1  1000-2 - 1000-1 . o 5

- —700-2 —<-700-1 -=400-2 - 400-1
—~>-200-2 —--200-1 —--0-2 —+0-1
80 B & /

<P

A<D

Cumulative Biogas Production /mL

0 20 40 60 80 100 120
Biodegradation Time / hr

Figure Cumulative biogas production(mL) vs Batch HAc biodegradation time(hr)
Lab of Professor Sheng-Shung Cheng ;
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WA RRE FE AR BRAT2Z DB RFA1TAD (BRAT S - ) 35T

ATER FB 200 400 700 1000 1200 1600 2000
Initial MLSS(mg/L) 20640 22295 15130 20410 20323 20828 16470 21305
MLVSS(mg/L) 8447 9095 6175 8328 8293 8550 6755 8675
VSS/SS 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41
CODt(mg/L) 17593 16290 16507 16507 17050 17810 18027 18462
CODs(mg/L) 266 343 605 837 1099 1691 1412 2259
NH,*-N(mg/L) 256 - - - - - - 262
TKN(mg/L) 867 - - - - - - 852
Final MLSS(mg/L) 20785 21395 20905 20885 21328 20868 20143 21100
1(16:\;?;) MLVSS(mg/L) 8420 8575 8355 8413 8615 8440 8243 8500
VSS/SS 0.41 0.40 0.40 0.40 0.40 0.40 0.41 0.40
CODt(mg/L) 15376 15474 15076 14977 15477 14979 17069 16263
CODs(mg/L) 256 335 357 369 408 460 421 721
CODt (%) 12.6 5.0 8.7 9.3 9.2 15.9 5.3 11.9
NH,*-N(mg/L) 253 - - - - - - 233
TKN(mg/L) 857 - - - - - - 885

The initial HAc biodegradation without cell growth within 5 days
Lab of Professor Sheng-Shung Cheng i
-10- ) SO :
Department of Environmental Engineering, °, é
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Figure Specific initial HAc-COD-biogas conversion rate vs HAc-COD concentration
Lab of Professor Sheng-Shung Cheng * :
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The Cumulative Gas of CS1

SO:primary sludge-COD
- 0-1 = 0-2 -+ 200-1 = 200-2 =+ 400-1
100 - 400-2 -+ 600-1 — 6002 - 800-1 - 800-2
~=-1000-1 -+ 1000-2 - 1500-1 -+ 1500-2 - 2000-1
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—
E 80 -
[
o
bt
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o
o
a 60 -
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®
(@)
@]
e
g
g 40 -
>
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>
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20 -
Substrate only
0 ) ] !
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Biodegradation Time / hr

Figure Cumulative biogas production (mL) vs Batch sludge digestion time (hr)ab of Professor Sheng-Shung Cheng %
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Si& RRE FAE 1Y A 355 K fudm i is ik 22 BMP testa fs ok B4 4538 B 35T

AR FB 200 400 600 800 1000 1500 2000 MB

Initial MLSS(mg/L) 9300 8700 9800 9700 8750 10220 9450 11366 3460
MLVSS(mg/L) 6250 6550 6550 7000 6700 6480 6700 7433 1600

VSS/SS 067 075 0.67 072 077 063 071 065 046

CODt(mg/L) 7475 7082 7475 8853 8459 11213 9639 9443 3266
CODs(mg/L) 254 257 272 280 299 382 437 527 289
NH,*-N(mg/L) 209 219 212 203 208 215 237 238 107
TKN(mg/L) 732 - - - 699 751 773 803 203

pH 764 762 761 763 758 758 759 748 6.77

ORP(MV) 408 -422 430 -425 424 421 421 -419  -360

MLSS(mg/L) 6930 8100 8520 8683 9567 9683 11967 10833 3200
MLVSS(mg/L) 5430 6350 5990 6733 6750 7100 /850 7483 1700

(Ii?tal VSS/SS 0.78 0.78 0.70 078 0.71 0.73 0.66 0.69 0.53
er
934hrs) CODt(mg/L) 6977 7032 6996 6977 7074 7364 7425 7482 1861
CODs(mg/L) 396 385 365 379 389 370 418 401 242
CODt (%) 6.67 071 641 212 164 3433 2298 20.76 43
NH,*-N(mg/L) 220 - - - - - - 212 57
TKN(mg/L) 694 - - - - - - 737 190
Anaerobic sludge digestion with limited MLVSS bio conversion ritio after 39 days
Lab of Professor Sheng-Shung Cheng ' s
-14- . g Che %
Department of Environmental Engineering, X é
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- Rmax=13.0(mL/hr) Rt 2 5 i# 5 (mL/gVSS-day)
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Figure Specific sludge-COD-biogas conversion rate vs primary sludge concentration e
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Methane Production of AP-HAc-BMP Batch Test

200 AP-HAC-BMP-AOI 1.8 AP-HAC-BMP-AOI
g 180 = HAc6000 » 16 | >f T o HACO o HAc1000
g 160 X 14 - o, -
T 140 5 ., - A HAC2000 x HAc4000
2 5 :
g - 120 “HAC4000 2 F 1 - HACc6000
T E 100 3
g o E 08
o 80 . 2
= HAc2000 I 0.6
T 60 <
E 40 . HAclo00 2 04
O 20 o— HACO 0.2 N O h
0 wise— o ‘ 0.0 = g
0 50 100 150 200 250 300 0 100 200 300

Biodegradation Time (hr)
Fig.4 Methane production rate curve of different

HAc concentrations degraded by AP sludge
digester anaerobes.

Biodegradation Time (hr)
Fig.3 Cumulative methane production curve of
different HAc concentrations degraded by AP
sludge digester anaerobes.

Tablel. BMP experimental design of AP sludge digester anaerobes degrading acetic acid substrate.

Item HAcO HAc1000 HAc2000 HAc4000 HAc6000
Substrate - S,
mg COD/L 0 976 1,915 3,890 6,011
Seeding - X, N
VSS (mg/L) 12,530 £ 1,182
SolXo 0.00 0.08 0.15 0.31 0.48

e Ky
o e

-18-
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Methane Production of AP-WAS-BMP Batch Test

S 140 AP-WAS-BMP-HuiYu 25  AP-WAS-BMP-HuiYu
B WAS20000
3 120 - g " o WASO0-1 o WAS2000-1
S CC‘E 20
?a:). 100 + L WAS12000 § » WAS5000-1 x WAS8000-1
8~ 80 - . sols 7 - WAS12000-1 + WAS20000-1
2 E . = ' WAS8000 © 3 i
== 60 - a g
g v , +=* WAS5000 %
g 40 e e o o@f WAS2000 S
S ow et 2
0 ‘ :
0 100 200 300 400 500 0 50 100 150
Biodegradation Time (hr) Biodegradation Time (hr)
Fig.7 Cumulative methane production curve of Fig.8 Methane production rate curve of different
different WAS concentrations degraded by AP WAS concentrations degraded by AP sewage
sewage sludge acclimated anaerobes. sludge acclimated anaerobes.
Table3. BMP experimental design of CL primary sludge acclimated anaerobes degrading primary sludge substrate
ltem WASO WAS2000 WAS5000 WAS8000 WAS12000 WAS20000
Substrate - S,

mg CODIL 0 2,820 6,109 12,218 20,677 31,570

Seeding - X,

VSS (mg/L) 14,550

So/Xo 0.00 0.19 0.42 0.84 1.42 2.17
-19- Department of Environmental Engineering, Zﬂ

NCKU
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Michaelis-Menten Model Fitting Curves

40 -~ ¢ Observed rate AP-HAc-BMP-HuiYu&AOI 50 - DH-HAc-BMP-HuiYu
= 35 L —— Michaelis-Menten Model ° o) 45 - o
o o 3] <
> > S5 D 40 -
kS 30 - P
3 83 35 -
Q0 og . . . )
o (Q Michaelis-Menten equation o g 30 o Observed rate
gL 20 vV .S S > 25 — Michaelis-Menten Model
5 V=V, 4o = £ 3
2E 15 TS K TE 20
o Q m S O 15 Vo = 3.33 mL/gVSS/day
-"05‘) 5:5 10 VO = 4.22 mL CH4/gVSS/day = g 10 Vimax = 40.2 mLIgVSS/day
a 5 ¢ Vmax = 35.84 mL CH4/gVSS/day Q Koy = 389 mg CODIL
Km =947 mg COD/L n S ¢
0 ‘ ‘ 0
0 2000 4000 6000 8000 0 2000 4000 6000

Substrate Concentration (mg COD/L)

Substrate Concentration (mg COD/L)

Fig. Kinetic model of specific methane production rate  Fig. Kinetic model of specific methane production rate

versus different substrate concentrations of HAc
degraded by AP sewage sludge acclimated
anaerobes.

versus different substrate concentrations of HAc
degraded by DH sewage sludge acclimated
anaerobes.

-20- Lab of Professor Sheng-Shung Cheng
Department of Environmental Engineering, *,
NCKU ™



Michaelis-Menten Model Fitting Curves (Continuous)

18 AP-WAS-BMP-HUiYu 18
| ¢ Observed rate o g
5 16 — Michaelis-Menten Model g 16
) L 3 >
28 14 3 g 14
s g 12 T @ 12
)] o 0
23 10 - e g
£3 S 3
BE 8 & 2 8
== &L Vo = 1.68 mL/gVSS/day =7 )
% E 4 Vmax = 45.56 mL/gVSS/day ‘g &U
g Km = 65,973 mg COD/L g 4
wn 2 %) ,
0 0
0 10000 20000 30000 40000

Substrate Concentration (mg COD/L)

Fig. Kinetic model of specific methane production rate

versus different substrate concentrations of WAS
degraded by AP sewage sludge acclimated
anaerobes.

- DH-WAS-BMP-HuiYu
- ¢ Observed rate
—— Michaelis-Menten Model

Vo =2.33 mL/gVSS/day
Vmax = 22.2 mL/gVSS/day
Km = 18,197 mg COD/L

0 5000 10000 15000 20000 25000 30000
Substrate Concentration (mg COD/L)

Fig. Kinetic model of specific methane production rate

versus different substrate concentrations of WAS
degraded by DH sewage sludge acclimated
anaerobes.

-21-
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Michaelis-Menten Parameters of Each Batch Test

Table 7. The relationship of Michaelis-Menten parameters of each batch test.

V, V hax K, Smax* V> Vv

Batch test R2 max
mL/gVSS/day mL/g_\_/?_S_/day mg COD/L mg COD/L  mL/gVSS/day K,

AP-HAC-BMP-AOI 3.32 P 3421 1950 I 00968 6011 328 35.7
AP-HAC-BMP-HuiYu 5.14 P 37.8 1 974 I 00985 5583 37.4 38.8
DH-HAc-BMP-HuiYu 3.33 : 40.2§ = 389 0.9668 4,809 40.5 103.3
AP-WAS-BMP-HuiYu 1.68 : 45.6§ -65 973§ 0.9880 31,570 :16.4 0.7
DH-WAS-BMP-HuiYu 2.33 ¢ 222 -18 197: 09654 28,449 :15.9 1.2

* Maximum substrate concentration.
** Terminal specific methane production rate.

1.7 75 KRs ki i ﬁ;)ikzg FFE A R ﬁ‘&é‘g‘w Uiz A i F(Vmax) s ApiT i o L e

’fr’#? ﬁﬁ;(Km) Mo R I P4 ’KP ’3\;» BIERC ]ﬁ’x °

2.3 HRY FEARRGF BRI RAT 2 RBRIEESF R oA KT R EF(Vmax) P &

AR AW HAP)RE AHEEES T EEY - AR A FTEL > RREEFE A

i F 235k kR (B%VSS) o < Al M RERT £15  RE FEAL o KRR T B

&L ﬁ,%(l.S%VSS) o
-22- Lab of Professor Sheng-Shung Cheng
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DH/5 -k Bk ¥ #f i # Michaelis-Menten Parameters of Each Batch Test

Table 7. The relationship of Michaelis-Menten parameters of each batch test.

V, V ax K. Smax* V> v
Batch test mLé%\;SS/ mL/gVSS/day mg COD/L a Ccr)ng“_ mL/gVSS/day ”r(n;x
AP-HAc-BMP-Kotaro 5.13 43.7 383 0.9803
CL-HAc-BMP- T -YuMin 10.16 40.2 45.9 0.9716
CL-HAc-BMP- T -YuMin 9.06 122.8 1,830 0.9294
AP-HAc-BMP-AOI 3.32 34.2 959 0.9968 6,011 32.8 35.7
AP-HAc-BMP-HuiYu 5.14 37.8 974 0.9985 5,583 37.4 38.8
I DH:HAC-BMP-Huivyu 333 402 389 09668 4809 405 1033
AP-WAS-BMP-Kotaro 1.29 19.3 7,483 0.7017
CL-PS-BMP- I -YuMin 8.25 9.8 1,093 0.9704
CL-PS-BMP- T -YuMin 2.79 39.4 4,747 0.9197
AP-WAS-BMP-HuiYu 1.68 45.6 65,973 0.9880 31,570 16.4 0.7
I DH-wAS-BMP-Huivu 233 222 18197 09654 28449 159 12

* Maximum substrate concentration.
** Terminal specific methane production rate.

. . V — V + VmaX ) S "yrlﬁ SUng
Michaelis-Menten Model — 70 S K Lab of Professor Sheng-Shung Cheng %1
+ m -23- Department of Environmental Engineering, Zﬂf% d

NCKU
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e 1415 kAP Anaerobic Digester
e JR-k# 132,000 CMD
— PS/WAS# 496 CMD > AD Vol. 4,000 X2 m3
« VS, =15~20g/L ; VS = 12~17 g/L(Ryoko)
. VSS/SS =0.55~0.65-—-2# 7 E% > 3 Bf 73 &
— VS loading ~ 1.24 kg VS/m3-day
o 445 ¥ =14 t VS/day CMD(3 kg VS/m3-day) .§KW-130 m?3
« KW VS~108 g/L(2+* > 2001)
— 2-stage pilot verified- KW it pF » 7 2z 4pHRT 520 day » &2 p =0 " it
AR R G
o JRE IV BRI
— Km =974 mg-COD/L(HAc) ; 65,973 mg-COD/L(WAS) ; 2,296 mg-
COD/L(KW)

V max — 37-8 mL/gVSS/day ; 45.6 mL/gvVSS/day(WAS) ; 116
mL/gVSS/day(KW)

3

-24- Lab of Professor Sheng-Shung Cheng %
Department of Environmental Engineering, Zﬂ
NCKU



DH Anaerobic Digester
o =~ 3]F KRR
— -k & 400,000~460,000 CMD
— PS/WAS 700~800CMD > AD Vol. 13,000 x3 m?3
« HRT=18 day-----2 i 4 B
e VSin ~33+5¢g/L ; VSeff ~17+ 3 g/L ; VSS/SS =0.7
e VS loading ~ 0.97 kg VS/m3-day
— AD Performance
« 0.3 CH, m3/m3-day=r1kg CODr/m3-day % & % #& iF
e F/IM<O0.1
o JRRE IV B MBIEE
— Km =389 mg-COD/L(HAc) ; 18,197 mg-COD/L(WAS)
= 40.2 mL/gVSS/day ; 22.2 mL/gVSS/day(WAS)

— V max

-25- Lab of Professor Sheng-Shung Cheng ;‘%@
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DH R§ i i 4 75 * SEMf& »

(=
A Q000

Figure AD/5 JF ¢ ¥ 3 = B eak /> AR 2 sk = B < -] 5 5 1lum
(2009.12)
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DH R§ i i 4 75 * SEMf& »

(2009.12)
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II-1 NSC Integrated Program: Integrating study on high effective biofuel energy recovery with
multistage biorefinery process (Phase V, 2009-2012)

Cellulolytic gene/enzyme
Gene-modified Pure Culture

[ Cellulose Alcohol |_, Alcohols
Cellulose Hydrolyzation > Fermentor (Ethanol, Butanol)
(5&%@) l Residue + Seeding v
Electricity & Heat Generation

Oxic Leaching 4 4 o7 =
Filter (OxLF) |-|2 S CHﬂ SRR

NI

KW SS lLeachate T 1
: Hresidue Anaerobic Acidogenic \ Microbial diversit
Kitchen Anaerobic —»| Methanogenesis (CSTR) & Kinetic study 4
Waste (KW) T«w Hydrogenation VSS, VFAs, CODg
s Fluidized Beb  |LCFA, AA, CODy
(B3 E%) (AnFB) —»l'nmsisr naerobic Aceto-
Cellulolytic microbes/seeding FueI.CeII Meth(acr;f)rﬁnems
Enriched Combining Culture * .
- aE Bl
Elegmlty Solid & Liquid Fertilizer
Sheng-Shung Cheng, NCKU E[=2/f (NH,*, HCO;,, H,PO,)

Ming-Chung Chang, NCKU 5EE{EL
Chieh-Chen Huang, NCHUE /&
Yu-Hong Wei, YZUZi#i 7%=
P S -30- Lab of Professor Sheng-Shung Cheng %1
Wen-Chien Kuo, NPUSTZ3Zf& Department of Environmental Engineering, Z%% ¢
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IT-1 NSC Integrated Program: Integrating study on High Effective Biofuel Energy Recovery with
Multistage BioRefinery Process (Phase V, 2009-2012)

=T
R kmBLESRE B
Rt EEETRRE

0088 -] Eg

. . Anaerobic Anaerobic . ]
Aerobic Leaching Acidogenesis 55°C Methanogenesis 55°C
m (95 L) (8 |_) -31- Lab of Profe(gahla)g -Shung Cheng %

Department of Environmental Engineering, B
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Organics Conversion in Anaerobic System

Composite Particulate Material | qpa
{100%)*1%*”"“14 Inerts (10%)

0% 30% Disin
3% Wi
Carbohydrate (30%) Proteins (30%) Lipids {§G%]

Hydrolyais
20% AR R A

Monosaccharide (31%) || Amino acids (30%) ‘ LCFA 529%}
13% 16% 20% A 5
e LY 3
#HPr (10%), HbuT #
(12%), Hva (7%)% %
128 LAk
: 8%
Ac%hgt{ﬁd%) Hydrogen (26%)
hathan
¥

Methane (90%)
Pird
Figure COD flux for a particulate composite comprised of 10% inerts, BOCVBG%%?I}r%}ecsarb hydr e grc%telns; %

.. . sor Sheng-Shu eng .
and lipids (in terms of COD).(Batstone et al., 2002)_32_ Department of Environmental Engineering :

NCKU




Multiple Substrate Fermentation:

Kitchen Waste Characteristics

Table Kitchen wastes collected from metropolis in Taiwan (S.S. Cheng2006~2011)

Kitchen Waste Taipei Kaohsiung Tainan Tainan Tainan mixed KW
Characteristics (starch) (vegetable) (KWSL) *
Monitoring Year 2006~2007 2007~2008 2009 2010~2012
total 82 +28 106 +30 350 £ 82 78 +20 104 £18 357 £71
cob soluble 31+10 35+1.2 1501 24 +8 76 £8 102 +53
TOC 139+5 28 +6 42 +5 134 21
COD/TOC 2.52 2.83 2.50 2.66
TS 5016 55110 267 £21 46 +12 87 +11 199 +20
TVS 40+ 15 50+10 257 +66 40 £11 73 +11 185 +20
Solid SS 40 +12 42 +9 212 +46 36 £9 26 £5 111 +12
VSS 37+13 41 +9 206 £45 33 19 24 £5 106 +10
Moisture 80 =2
Total 5+3 15+5 144 +50 14 +8 27 6 48 t21
Carbohydrate  Soluble |0.7+04 | 4.0%3 68 £31 5 t4 24 +6 26 +16
cellulose 4 +1 -
Org-N; 205 2510.6 5513 15 04 25 103 7 £3
N-compounds  Org-Ns 1+03 | 08104 | 1.2%1 0.8 +0.1 1.8 £0.2 3 +1
NH,"-N 0+0.2 0.2+0.1 | 0.07%0 0.06 £0.04 0.2 £0.04 N.D.
Lipid Oil & Grease | 82 1114 23+10 13 5 8 3 62 +35
pH 5+0.1 45+0.2 45+0 4.0 +0.2 43 +0.5 43 £05
HLa 6+2.1 | 10.7+4.6 813 2.8 £0.8 145 £25 12 +3
HAc 1103 1+0.5 2+1 04 £0.2 25 103 6 £2
VFAs HPr 0+£0.1 | 0.0610.03 N.D. N.D. N.D. N.D.
HBu 0+0.2 | 0.05+0.03 N.D. N.D. N.D. N.D.
HVa N.D. N.D. N.D. N.D. N.D. N o

Units: g/L, *Units: mg/g, except pH -33-

tab uf P .LIfCJJUI Sheng-Shung Cheng ;f
Department of Environmental Engineering, .
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Characteristics

Tainan KW (2007 .10~2008.2 n=7)

CODt(mg/L)

COD
CODs(mg/L)

TS(mg/L)
TVS(mg/L)
SS(mg/L)
VSS(mg/L)

Solid

Carbohydrate t(mg/L)
Carbohydrate Carbohydrate s(mg/L)
Reducing Sugar(mg glucose/L)

Org-Nt(mg NI/L)
Protein Org-Ns(mg NI/L)
NH,"-N(mg N/L)

Lipid Oil&Grease(mg/L)

HLa(mg/L)
HAc(mg/L)
VFA HPr(mg/L)
HBu(mg/L
(

)
HVa(mg/L)

271,265
112,678
166,525
161,318
136,008
132,368
111,043
57,527
26,0064
5172
803
45
12,508
4,427
1,636

4,497
942
978
875

2,714

2,855

2,746
801
760
341

35
8

380
103
54

ZZZ L M M M
SESHS

Solid COD/VSS
Solid Carbohydrate/VSS
0&G/VSS
Solid Org-N/VSS

1.20
0.40
0.09
0.03

BREZp 3 ARE v Z M 1%13(20083)4

Lab of Professor Sheng-Shung Cheng ;‘%2

Department of Environmental Engineering, 19

NICIZL



Multiple Substrate Fermentation:
Kitchen Waste Characteristics

Electron distribution of mixed kitchen wastes in Tainan (S.S. Cheng et al., 2011~2012)

Aceticacid  nknown

. . 29% % Solid
Lactic acid 4% 10% carbohydrate

7%

\, Soluble
_géhcarbohydrate
s 0%
§

11%
199, Solid
° protein

Soluble

gy, protein ot
Lab of Professor Sheng-Shung Cheng %‘z
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Multiple Substrate Fermentation:
Cellulosic Feedstock(Napiergrass Characterlstlcs

oluble nert
carbohydrate
8% 1

protein
10% Hemicellulose
32%
‘fn
IR . ¥
R e s\ AL N SN IFRZZ  lignin
(Prowded by Dr Cheng, LRI, 2010) 26% %




Multiple Substrate Fermentation:
ACIDOGENESIS PHASE- I-CSTR of HYDROGEN FERMENTER

Feedstock:

Kitchen waste & Napiergrass

Control Factor:

Volumetric loading rate
1st — 10 g COD/L-day
2"d— 15 g COD/L-day

3rd — 20 g COD/L-day

NINEN
O 0 0

Table. Substrate & Microbes / Environmental Factors

Kitchen waste : Napier grass

=4:1
Inoculation Cow dung & NPUST Pilot
Reactor
item unit 1 2 8
Total Volume L 10
Working Volume L 8
HRT day 8
pH 6
Temperature C 55
Stirring Speed rpm 100
Inoculation g VSSIL 30
VLR g COD/L-day 10 15 20

Fig. Schematic diagram of I-CSTR anaerobic
hydrogen fermentor fed with kitchen waste.

(Bo-Kuang Chen et al., 2010)

Qo
(&

Lab of Professor Sheng-Shung Cheng ;’%2

. - - r
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Multiple Substrate

Fermentation:

METHANOGENESIS PHASE- EGG-SHAPED ANAEROBIC DIGESTER

Feedstock:
Effluent of hydrogen fermenters

Advantages of Egg-shaped Digester:
1) Minimum grit accumulation
2) Reduced scum formation
3) Higher mixing efficiency
4) Lower operating and maintenance coast

Table. Substrate & Microbes / Environmental Factors

Substrate Effluent of hydrogen fermentor

Sludge from Di-hua and Fu-tien

Inoculation wastewater treatment plant
Reactor Egg-shaped anaerobic

item unit digester
Total Volume L 00
Working Volume L 85

HRT day 22 to 40
Turnover time min. 22
Temperature T 55
Stirring Speed rpm 100
Inoculation g VSS/L 30
VLR g COD/L-day 2.5

-38-

Gas Water trap Gas meter

bag S ]
i ﬂ
Effluent /|| ||
O ooo

2 ©| 4

©
©
@ Influent
=

o]

pH meter
ORP meter

Fig. Schematic diagram of egg-shaped
anaerobic methane digester fed with first-
phase effluent.

(Bo-Kuang Chen et al., 2010)

Lab of Professor Sheng-Shung Cheng ;‘%%
Department of Environmental Engineering, °, P
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Multiple Substrate Fermentation:
Performance indicators of hydrolysis-acidogenesis phase

INFLUENT EFFLUENT

H Soluble
;ﬂ\::egl;:6 acld sbo::lb: . H 2 o ydsr:ﬁgen.\‘ L carbohydrate
Lactic acld Rt i Fermento  Buvgeecd s\ 1% Solid
3% D carbohydrate
r 13%
Qil & grease \ ) -
32% Solid protein
unknown 11%
Sold 16%
carbohydrate =
28% " e
I — Soluble protein
i A"\ceg:‘J acid 6%
Solubl; q!::ro'teln S - Sollq‘ g{: tein Lactzic‘:%acid Oil & grease

31%

Fig. Electron distribution of feedstock and acidified effluent from hydrogen
fermenter in terms of COD (Chen et al., 2011)

Lab of Professor Sheng-Shung Cheng ;‘%%
-39- Department of Environmental Engineering, 3
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Multiple Substrate Fermentation:
Performance indicators of methanogenesis phase

1.4 ~
1.2 ~
1.0 A
0.8 ~
0.6

O)

O

bus 0] PSS,

Q Q
O~ QO (o)
dlszmooooooo QIbCPOOdb

—e— CH,
.0 CO,

e

Biogas production rate (L/L-day)

o o:
0.4 7 L : eSeccomm|coe) OOQ ste Q)Oqiﬁ}poghpoodbq Qooooo g)oc' )
0.2 A A o b O © o
O le)
00 T T T T T T
240 260 280 300 320 340
Operation time (day) (Chen et al., 2011-2012)
QOperation time (day)
Parameter Unit 54-152 _ 153-184 __ 185-200 231- 350
Volumetric loading rate g COD/L-day 14 * 08 32 * 03 4 = 03 25 = 0.2
Feedstock Effiluent of acidogenic phase
Methane production rate L CH4/L-day 06 £ 026 113 £ 01 12 = 008 08 = 04
Methane percentage % 73 t 42 700 £ 14 69 £ 22 700 f 1.0
Methane production yield mmol CH4/g CODremoved 38 £ 44 17 * 13 18 * 28 142 = 33
Total COD conversion % 63 + 20 81 = 1 80 = 3 7 = 6
V88 conversion % 48 £ 22 T2 f 4 B89 = 4 71 * 3
Solid carbohydrate conversion % N.A. N.A. N.A. 83 == 7
Soluble carbohydrate conversion % N.A. N.A. N.A. g2 £ 3
Celluloge conversion % 68 * 17 69 * © 89 * § 24 =+ 8
Solid org-N conversion % -19 = 51 24 + 219 6 £ 35 66 = &
8oluble org-N production mg N/L B85 & 10 42 £ 18 83 = 12 38 * 5
Qil & grease conversion % 86 = 6 86 * 10 89 * 4 88 = 3

-40-

Department of Environmental Engineering, .
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Multiple Substrate Fermentation:
Cellulose and oil & grease degradation in methanogenesis phase

—&— Solid COD - Inf —5— Solid COD - Eff
--& - Soluble COD - Inf --4: - Soluble COD - Eff .
180,000 —_Total COD conversion 100_ _ 60,000 —B—-VSS-Inf -=--VSS-Ef —— VSS Conversion 100 -
) £ g £
£ g E . - m g 808
gﬁﬂ,ﬂm o % g 40,000 [ = < - ifl = .-‘“‘:T.i. S 60 %
b= y = = Q
§40,000 40% g 0 g_
8 £ § 20,000 | g
§20,000 20 2 = Oog-8-8-8-geg @8 g Begog-g-0-0 20 2
0 T T T -I T I-A 0 8 m 0 ! ! ' i ¥ 0 8
231 251 71 291 311 331 231 251 271 . .291 311 331
Operation time (day} Operation time (day)
COD conversion: 80 % - CH, VSS conversion: 70 %
—_ —&—Cellulose - Inf  --©--Cellulose - Eff —— Cellulose conversion %; #®-Oil & Grease - Inf - Qil & Grease - Ef —— Lipid conversion
T10.000 100 £ 16000 — 100
£ —_— T — T ——— CE o — — — T — ———
= 8,000 - . . 'y 80 % 2 12,000 - . . . * |8
E 2 N / g ® 5 B o o o o * & » e L B0
] 8000 ./.\"“ N tad '\./‘ 0 5 5 8000 $* . o« *
§ 4000 - w0 5 3 -4
@ o _
E 2,000 - 20 2 g a0 20
2~ g B o D R T - - T T - Lo S - S )
3 B St St SRR St St it s © bt © S0 s 0 © 3 o ¥ ; i ' - - 0
© 0o @ - - . : . 0 231 251 27 201 3t 331
231 251 27t 201 311 331 Operation time (day)
Operation time (day)
Cellulose conversion: 90 % Lipid conversion: 90 %
Recalcitrant material such as cellulose and lipid from fermentative effluent of hydrogen
fermenters can be effectively converted into methane during 340 operating days. (Chen et
al., 2011) “41]- Lab of Professor Sheng-Shung Cheng fe N :

Department of Environmental Engineering, I“
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AESBRRE A5 E Y AR AL B T k5T 2 4 1068 2 85 8 (52 52 %,2008)

Pilot VLR

COD_remov Biogas

Biogas Biofuil Yield,

Kg COD/m3- al Production Composition mole/Kg COD-
day L/L/day day
AR1 46.0 5,250 H,,28% 0.37
AR2 3.7 1,169 CH,,65% 13.4
55°C 2-stage Anaerobic Thermophilic Digesters(pilot study, 2008-2009)
RIEFFEACPREARNFEHR2 SO 2 HF B RA (BR%25,2008)
Batch test F/M(40% transf.) References
35C g COD/g VSS/day
AP-Hac-BMP 0.23 Hui Yu & AOI(2008)
DH-Hac-BMP 0.25 HuiYU(2008)
AP-WAS-BMP 0.29 HuiYU(2008)
DH-WAS-BMP 0.14 HuiYU(2008)
AP-KW/WAS-BHP- 0.35 AOI(2008
4o Lab of Professor Sheng-Shung Cheng %

Department of Environmental Engineering, Zﬂ
NCKU
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lll. Microbial Community Analyses:
llI-1. Morphology of Hydrogen Producing Bacteria Using Peptone as Substrate

Type | short rod-shape Clostridium species

= a8
— Y

Type Il Bacteria with endospore

The bacteria from a wastewater treatment plant of food industry was
pretreated with heat and acclimated with peptone in a batch reactor.(Bai et
al., 2004)

Lab of Professor Sheng-Shung Cheng #“%g

H . . z n
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Microbial Community Analyses:
SEM photo in Starch-peptone fed CSTR system

Fig. SEM morphology of the
sludge in the membrane
bio-hydrogen reactor which
the starch is prepared

v without heated. (Chao et. al,
,1 ) 2004)

A11916 25KY Xi@.8K "3 0um

Lab of Professor Sheng-Shung Cheng ;‘%%
Department of Environmental Engineering, . H
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Microbial Community Analyses:
SEM Photos in Kitchen Waste Fermenting Syste

-_—— - . ha —
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A82106 20KY X4,00K

pE2108 20KY X7.90K "3.8unm

e 1-2 um short-rod
bacteria is the most
dominant species

e 5-20 um spherical
object might be
micelle of oil and
grease

e The sporulation and
germination of
ssicléngrdile., 2005) . ..
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Microbial Community Analyses

Clone library of egg-shaped anaerobic digester BACTERIA
(Chang-Chun Chen et al., 2011)

Table. Similarity values of 16S rRNA sequences retrieved from egg-shaped digester

OTU NO. Nearest relative (GenBank Accession NO.) Similarity Isolated environment of nearest relative

eg-36 Anaerobaculum mobile strain NGA 97% Anaerobic digester

eg-1 Uncultured bacterium clone 99% Anaerobic digester

eg-49 Bacillus infernus TH-22 95% Anaerobic digester

eg-83 Anaerobaculum sp. OS1 99% Oil production water

eg-6 Clostridium thermocellum strain JCM 9323 99% Cow dung LCFAs d €g radel
eg-25 Syntrophomonas palmitatica strain MPA 100% Methanogenic sludge |
eg-56 Clostridium sp. FG4 100% Biocompost

eg-70 Clostridium sp. 6-31 90% Biocompost

eg-67  Uncultured bacterium clone C55 D6 L B All 99% Anaerobic digester

eg-20 Syntrophaceticus schinkii strain Sp3 93% Methanogenic sludge

1) Lignocellulolytic bacteria such as Clostridium thermocellum and
other Clostridium species were found in anaerobic digester.
Moreover, microorganisms which conduct 3-oxidation also
existed in syntrophic methanogenic phase.

2) Through maintaining a syntrophic condition, recalcitrant material
which are difficult to be utilized can be converted by diverse but

stable microbial community.
y Lab of Professor Sheng-Shung Cheng f%@

. - - Z n
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Microbial Community Analyses:
Archaeal diversity shift in egg-shaped digester ARCHAEA

81bp 181bp  280bp  380bp

0 200 400 600 (bp) 81 bp
= 0 day . :
= Methanomicrobiaceae
o I VY . !
14 days 181 bp
= L 1 k Methanosarcinaceae
Z 47 days
= 280 bp
2 Methanosaetaceae
it “ 64 days
=0 1 390 bp
- 87 days RC 7 _ _
o (Methanomicrobiales)
a0 L -
o 106 days
o | Fig. T-RFLP analysis with Tag|l
- ‘ : digested 16S rDNA of the PCR-
- 122 days amplified fragment.(Ar109f &
- 1 | Ar912r-FAN)
- 147 days (Chang-Chun Chen, et al., 2011) .

Lab of Professor Sheng-Shung Cheng f t
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§l Pilot Scale H,-CH, Processes in Taiwan
S BB LSRRI AL AT ERREAEE

Kitchen Wastegf&g
Dr.Wen-Ching Chen

Bk 7
Dr.Wen-Chi Chen B2 At sinchu g OTaipe

B SRS L

Dr. Sheng-Shung Cheng Hsinchu@

BRSEREE L Garbage composting X NorReest ot

Dr Wen Chien Kuo

i - e 1 National Scenic Area
Kitchen Waste + Waste Activated Sludge
Dr. Sheng-Shung Cheng#fsZj#:{E 1 Taich
Qr.Wen-Chien KuoS3 g fE+ Changhua @

@ Nantou
@Sun Mg

Tainan Yunlin®

Scenic Area

Chiayi @

Q"Tuitung

Kitchen Waste +

Agriculture.Waste Ping-Tung OKenhng National Park
Dr. Wen-Chien Kuo
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