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Recently interest on production of biogas from biomass resources has increased because of climate change in
woHdwide. In this study, anaerobic digestion efficiency of 17 different types of agricultural waste was
evaluated using biochemical methane production potential estimated from the Intermational biochemical
methane potential standard method (Germany VDI4630). As a result, theoretical biochemical methane
potential (Bw) of agricultural waste biomass ranged from 0.266 to 0.488 Nm’ kg'l-Volatile Solid (VS)added-
Ultimate biochemical methane potential (B,) of agricultural waste biomass ranged between 0.176 and 0.417
Nm’ kg'l-VSadded. The agricultural waste biomass anaerobic biodegradability with B./Bs and VDI4630
determined by VS contents was 36.0 ~95.9% and 30.8 ~ 91.1%, respectively. Ultimate methane potential and
anaerobic biodegradability given by the VS term showed more reasonable results.

Key words: Biochemical methane potential, Anaerobic biodegradability, Anaerobic digestion, Volatile solid,
Agricultural waste biomass

Ultimate methane potential and anaerobic biodegradability given by the VS term showed more reasonable results.

Anaerobic biodegradability

Sample

By/Bu' ABvs b3
%

Cucumber fruit 95.3 87.1
Cucumber leaf 86.5 76.8
Cucumber stem 90.0 71.5
Tomato fruit 64.6 68.8
Tomato leaf 85.4 77.1
Tomato stem 64.6 58.0
Paprika fruit 70.8 91.1
Paprika leaf 87.3 79.3
Paprika stem 54.0 48.2
Adlay straw 81.7 81.5
Chinese cabbage 84.4 81.2
Radish 57.7 44.0
Apple sludge 95.9 89.3
Pear sludge 36.0 30.8
Tangerine peel 55.9 55.3
White paper sludge 92.0 47.2
Yellow paper sludge 67.0 40.3

"Ultimate methane potential / theoretical methane potential, *VDI4630 method.
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Materials and methods
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Anaerobic Biodegradability of Agricultural Waste Biomass as Estimated with Methane Production

S SE HYHEgT) 9 vlo| 9 7kA HHAERF &
AL 2% FHAbol| rsazurin 0.1%5 T-Foles 524 5747

£ AR5 o (Beuvink et al,, 1992; Willams et al.,
1996), HIO| 7 }A9] Z7IAAIEELE O TCD (Thermal conductivity
detector)”7} AF2F=] Gas chromatography (Clarus 680, Perkin—
Elmer, USA)E ©|-83}3Ith

(8 mm X 3 m, 80~100 mesh size)S ©]-83}F O, 1L &
9] o2 (Ar) 7IAE o] FALC 2 ARRS}Y] flow 30 mL
min 9] &7 Aol FUR (Injector) 2% 150°C, A
AZE (Detector) 150°Co|A] H-A4]
BT} (Sorensen et al,, 1991), 7]2o] A YAEAL A4
HA7] (EA1108, Thermo Finnigan, CA)E ARSI O,
Z11E (Total solid; TS), F¥A I E (Volatile solid;
VS), 3FeFA Ala Q@ 3LEF (Chemical oxygen remand; COD),
ofmjola] AA (NH, -N), &2 4 (Total nitrogen; TN)
58 Standard methods (APHA, 1998)¢] wlg} 3¥H2-o &

Ak,

ZAHL Hayesep Q packed column

. (Column oven) 90°C,

Results and Discussion

Al=z2| o|=tshd oM AR AlAA RS o]
oFel/d2 Table 13} g}, & A= (TS) THF2 F=2 AlA|
SHUAE AR 7HeiAbEel B2

= A

=
B o] Hlo] @7k F ol AIBkEAS] ZHBE ) 0lc) Y wRE R
- e nee et @7]a8} BAof|A Blo]erkAR HghE= f7]=9]
Table 1. Chemical characteristics of agricultural waste biomass.
Sample ' vs* ™' T K Ca Mg Na Fe Co Ni Mo Cu Zn
g kg’ mg kg-1
Cucumber fruit 328 285 360 062 1.75 023 0.13 001 0.02 002 013 0.09 100 6.78
Cucumber leaf 1449 1115 399 295 414 391 160 005 056 006 1.11 017 439 3939
Cucumber stem 103.3 851 185 230 6.07 212 066 003 010 005 076 0.17 322 3589
Tomato fruit 79.7 728 184 057 116 0.11 0.14 0.03 0.16 0.02 051 0.19 571 1576
Tomato leaf 116.1 83 304 099 584 310 084 017 0.18 008 049 038 250 11.56
Tomato stem 1083 947 158 079 479 152 050 0.11 009 004 043 030 239 2476
Paprika fruit 7443 690 226 063 234 010 011 002 007 002 017 011 140 2229
Paprika leaf 1543 1221 432 1.69 1401 414 086 0.12 019 019 095 0.17 41.18 106
Paprika stem 1644 1444 246 116 977 156 049 0.10 0.10 007 066 041 543 3939
Adlay straw 390 3516 137 427 503 136 065 009 032 039 442 502 039 453
Chinese cabbage 674 536 444 096 288 125 016 003 0.092 008 025 028 122 11.71
Radish 165.1 1215 484 137 198 199 028 081 014 0.04 1.04 0.06 2237 1241
Apple sludge 1624 1575 0.8 026 086 008 006 004 013 0.06 141 310 207 10.53
Pear sludge 2197 2112 8.7 1.63 0.64 009 031 00l 016 003 1.69 025 9081 22.6
Tangerine peel 2963 249.1 11.1 1.18 140 052 064 007 032 003 194 025 3065 6197
White paper sludge 273 11.5 73 - 0.002 0.16 0.01 0.01 0.02 - 0.98 - - -
Yellow paper sludge 389 175 6.7 - 0.002 023 0.02 001 0.004 - 0.94 - - -

"Total solid content, *Volatile

solid content, ‘Total nitrogen content, 'Total phosphorous content.
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FE (V92 o], Entg, slxerte] &
Fhegol| vlZo] 2 wj 2 dujjoA 2] 7}

B4 97189 Feo] =11, SloflA 7HA R B
o] W Uebgth, % wA2HE9l &5 TS ) Vst
o] 390 g kg |, 351 g kg ' O2 71 &7 vEREoH, Hl
FE FuFE ol 67 g kg, WA AP E eFol 54
gkg R ATZOR Ugkon FHO 122 g kg O F LE}
el fe 7REEARE] Al Hf 2 2L 158~ 249 ¢
kg 02 AR £ G718 e Bk 2y AA|
&AL 12~ 18 g kg '8 7P FS S 0 E TS

ek,

O|2x MH|EMYANT{EIA (Theoretical methane potential;
Bw) &4t Ho| QU A0] H9la AR AL o] 24

HRHAIATH R Table 29F 2T}, FAhato] QufA9] o]
2 ey A e v ZE| %7} 0,488 N’ kg '~ VSude
2 7MY =2 3 U, A AR HeEsd Al
7} 0,266 Nm” kg '~VSuaea® 714 W 0|24 vehgit
a8 Rk AREYAE AH9Jslals 0,352~ 0,488 Nm'
kg ' —VSuuea Bl HAZE FA] 9k G Rk 1‘417H
FE/d vo] QufAef Zro] Thly ul Zup fleFo] 2 7
$- ol&A v EIEe] =& S FE Kol %E}
(Shin et al,, 2011), BFH|| A1E4] A4S AY+= vlo] 2

Table 2. Elemental composition and theoretical methane
potential of agricultural waste biomass.

ASA M EHHATHEIA (Ultimate methane potential;
B) JAIAREL HEtPAH AL Table 37F o, 97
A7ke] WERA B AlE-S Fal A w2 WAL =
AT} 29] 4712 o WsARS 712} Fig. 1, 2, 3, 4, 5,
6, 7} Aokt AJHSRe-A A FARES] - 7k A,
%, £719] 4 webAlES APt At Gujet Qlof| H]
gl £7101419] wggAlgFo] dA3] W AL 2 ATE
Bl & 4= AUTE oA £ 4 8
29 F7]= Yol dufjol] vla 2 Tl 229 FheF
o] o}, “EHZ%BE‘ 21d] o] 2 Bl uAEe
=37 ol AR =gt AAR 2l 1d- Bkl
F7IER FYo] Hrt stejete o] &ad f71Eel vlal &
g7t & dojux] grot Haloa AFtE= vjgo] wig- &
Tz A2 AYALE Faf oln] 2 gl Apadol}, A4
QofatE-o] Hof vk at el AL 0,417 Nm® kg '~ VSaigea

2 EnpEgle] 71 gokon whzalst %717} 0,207 Nm’
kg VS 7 SOl 2712 #|25hH 0,343 Nm® kg
“VSauea©de] HIRHEIES Hof Fjjeje] Attt &

N ﬂ

Table 3. Parameters of methane production curve estimated
by the modified Gompertz equation in the agricultural waste
biomass.

Sample B, P! Ry’ A
Sample C H O N S B Nm® kg 1
R mL mL day day
__________ %o (WIW) —eeeeeeee Nm® kg -VSadded
-VSadded Cucumber fruit 0.398 3973 382 04
Cucumber fruit 424 5.6 41.0 36 0 0.418 Cucumber leaf 0.377 3782 327 0.8
Cucumber leaf 389 53 349 40 02 0435 Cucumber stem 0.317 4277 312 0.5
Cucumber stem  36.1 4.6 433 19 0 0.352 Tomato fruit 0.300 237.9 17.2 -
Tomato fruit 486 56 413 1.8 0 0.464 Tomato leaf 0417 299.8 333 1.2
Tomato leaf 377 49 386 3.0 22 0480 Tomato stem 0.250 197.5 19.5 0.7
Tomato stem 417 54 462 16 02 0.386 Paprika fruit 0.343 391.8 333 0.4
Paprika fruit 475 63 397 23 0 0.485 Paprika leaf 0.358 2943 11.2 0.2
Paprika leaf 40.1 51 388 43 01 0399 Paprika stem 0.207 1672 16.7 0.8
Paprika stem 402 51 433 25 04 0382 Adlay straw 0.364 291.8 254 -
Adlay straw 418 56 402 14 02 0444 Chinese cabbage 0352 2781 228 1.1
Chinese cabbage 40.7 53 37.6 44 0.3 0.416 Radish 0.279 131.5 8.8 0.3
Radish 427 54 392 48 05 0.413 Apple sludge 0.393 405.9 32.0 0.6
Apple sludge 434 64 497 01 O 0.410 Pear sludge 0.176 83.1 35 -
Pear sludge 493 64 423 09 0 0.488 Tangerine peel 0.279 160.2 8.7 -

Tangerine peel 469 63 451 1.1 O 0.449
White paper sludge 25.5 29 342 0.7 0.5 0.303
Yellow paper sludge 24.9 2.5 36.0 0.7 0.7 0.262

"Theoretical methane potential.

White paper sludge 0.281 123.1 13.8 22
Yellow paper sludge  0.178 116.8 11.9 1.8

"Ultimated methane potential, *Methane production, §Speciﬁc

methane production rate, Lag phase time.
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Table 4. Anaerobic biodegradability estimated by different
analytical methods on agricultural waste biomass.

Anaerobic biodegradability

Sample

Bu/Ba' ABys vpusio’

———————————— % (W/W) ==mmmmmmmem
Cucumber fruit 95.3 87.1
Cucumber leaf 86.5 76.8
Cucumber stem 90.0 71.5
Tomato fruit 64.6 68.8
Tomato leaf 85.4 77.1
Tomato stem 64.6 58.0
Paprika fruit 70.8 91.1
Paprika leaf 87.3 79.3
Paprika stem 54.0 48.2
Adlay straw 81.7 81.5
Chinese cabbage 84.4 81.2
Radish 57.7 44.0
Apple sludge 95.9 89.3
Pear sludge 36.0 30.8
Tangerine peel 559 55.3
White paper sludge 92.0 47.2
Yellow paper sludge 67.0 40.3

"Ultimate methane potential / theoretical methane potential,
"VDI4630 method.

S71 7S 19 71 Ahe A WEel Alow wig

Rt} (Li and Noike, 1992).
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