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Biochemical Methane Potential and Biodegradability
of Animal Manure and Cultivated Forage Crops
at the Reclaimed Tideland

Namhyo Heo™** Seungheon Lee and Byeongki Kim

Anaerobic biodegradability (AB), which can be determined with the ultimate methane yield by the decomposition
of organic materials, is one of the important parameters for the design and the operation of anaerobic digestion plant. In this
study, Biochemical methane potential (BMP) test has been carried out to evaluate the methane yields of animal manures such
as pig and cattle slurries, and different forage crops cultivated at the reclaimed tideland such as maize, sorghum, barley, rye,
Italian ryegrass (IRG), rape, rush, and waste sludge produced from slaughterhouse wastewater treatment plant (SSWTP). In the
ultimate methane yield and biodegradability of animal manure, those of pig slurry were 345 mICH4/gVSreq and 44.7% higher than
247 mICH4/gVSreq and 46.4% of cattle slurry (Cat. 2). The ultimate methane yield and biodegradability of spike-crop rye (Rye
1) were 442.36 mICH4/gVSreq and 86.5% the highest among different forage crops, those of the other forage crops ranged from
306.6 to 379 mICH4/gVSres Of methane yield with the AB having the range of about 60 to 77%. Therefore the forage crops could
be used as a good substrate to increase the methane production and to improve the biodegradability in anaerobic co-digestion
together with animal manure.
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Subscrip

AB  : anaerobic biodegradability TMY : theoretical methane yield

BMP : biochemical methane potential UMY : ultimate methane yield

IRG : Italian ryegrass SWTP : slaughterhouse wastewater treatment plant
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Fig. 1 Sustainable cycle of anaerobic co-digestion for agro-
livestocks biomass (Source: IEA Bioenergy Task 24, 2002).
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Fig. 2 Biogas production in EU countries (a) and Germany (b)
from 2004 to 2006 year (Source: Swedish Gas Centre, 2008).

2008. 12 Vol.4, No.4 | 57



¥ Aol Fuje] chopt S abitol el s 7
weoh PRI Al 2A1R A8 W 2A4A80] §7)4
a3k wpalo] O3 He] 7Hs A BI] $15to] BMP test
2 Saahoim, Hethy vhol onjao) vebzbas wek)
HEG AR vo] 20U A] A4S SIat Aoz

28 7FsdE st skl

>~

il

S~

o

ifheas

- X O
2.1 A=
211 7t

2 Aol AME TR s FEETIA S8 FHE
Y= =i (pig slurry) 2 BidAbE L S| 2AMRR 27|
Fob HEle wolshe 247 £ =
7t A AT $He-w7te] A 49 A £
of HiRkAtR e} ZARS 60:40 HlEE g5t} WOl 1o
Sl= AOR ARG

gk

E(cattle slurry)S 3%
&

2.1.2 AI2E20 EXHeE8 K|

HHA O R 2ARR 22 FA A ER FEE, £
ALA B 3R 7HHR] AR AP EZHE 5359
o}, 2 AjofMe e 39 §4|, RG] FARNET AR
& &5, o, 2 sHAdES A RE 2Eeinh B
39]' oA} 7—."7—}% %3 (whole—crops)2} o]4Kspike—crops)
et 2709} AR & SRSt dTE skl =5
A= WAl BAEATRCE 249 52U =595

A2l g4PAE AR olgsign,
2.2 Ao

2.2.1 A& Tx2|] Y BMP test
FAE AEE dry oven?] 50C A4 AxsHL, &

58 | AxHAOf|AX]

H715 ol&ste] U7 2mm o5tz w4 F 7| = 2E51G
on, AF 20t EASHEA P At RE AR5
o ARl Webls W RS B7l] 9jelod
Owen =1} Shelton¥} Tiedje(6)°ﬂ o) A|ot=l BMP test
FHS ol &kt

250ml 23] Erlenmyer flasko] A&+ 200mle} A+
A} ZF A EEF 2gVS/L Z0late] AlE 55l (hioassay)
AlzstaL, AEto e A E s vErks SRS B
A3 Hiﬂ control HJj9FH(control bioassay) 175 &H|5}
Atk 4% SR o 33] Shand2elol ) B
A 35Ce dALE 227} 7}53) incubatoroA] F 90
b werstatct

71— /\IZ zst}on OETH HH\HE]\— H}olgﬂ_i I ézéa_
7] 918to] 10ml F-2|FA 1S o]-8-8t5iaL, Hie] 7k~ 9]
e TCD7} A& Geoll oJall &4 abgict, Ty
dolertat 2xd] HE Dy
(0C, latm)9 dry gas & AT

2.2,2 MEsl= "ot

B RS ey BAS THSHE 5 1EE
(total solid, TS) % 2:3ko] o3} La=l 471239 3

EE 9u|sh, A|79] & 3¥H87|E(total volatile solid,
TVS) 5 AJES)A §-7]E(biodegradable volatile solid, BVS)
=) o4 40 o ek g oo ekl el 2
o], W74 23 o)A A2 TVS(BVS+NBVS)Z BVS HEo|
Mol 2714 BafE| ue] A7) wekes 24T
24 BVS Hl&5 F7Ie o 9lon, BVS &afo] me g
WY SEE 282 AN W2 e TuE AP

Fig. 3 Solid fraction of organic material
(TS = TVS + TFS, TVS = BVS + NVBS)




J1EERet 2] AlZAE ) HErLdE AR

QoF olx}2 w1l Qi @ Table 1. Elemental composition and C/N ratios
*g-ﬁ%ﬁHE(anaeroblc biodegradability, AB)= 4] (1)¢f 1} Sorm) Element (wt% VS) -
ample
el vpe} Zo], o]2A et dhAEF(theoretical methane C H 0 N
yield, TMY)Oﬂ EH_‘:_J__ BMP testoﬂ/ﬂ 0“]01X] 3—]%— Uﬂ%‘g‘ﬁ%‘: Pig 62.80 10.34 20.15 554 11,34
Manure Cat, 1 50,58 7.67 39.16 2.26 22.35
ltimate meth ield, UMY)2] W& g2 ®9) ' ' ' : ' :
(U. tmate methane yie )—4 e L]-EHHD:] Cat, 2 50.47 7.56 40,00 1.72 29.43
T T
olnf HWrlE AEF T A2 BVS/TVS H| L= e Rye1 | 4861 | 773 | 4088 | 258 | 1884
Ak, A AR f714d80] st CH.t COzE Rye2 | 4952 | 760 | 4136 | 136 | 36.41
2ajEcty 714 & A9, 0|24 ek ge AR TVSE Barley 1 | 47.02 | 777 | 427 | 237 | 1987
At YazA o LA 4] ( lok2 Ao g2 Barley 2 | 4718 7.58 43,05 2.01 2346
TAThE fbs el wistel 4 ()2 eEA S e Forage ™\ e | 4926 | 785 | 3007 | 394 | 12.50
Ak 4 gt crops —— — =
Sorghum | 49,52 7.64 38.05 455 10.89
IRG 48.38 7.50 41.38 2.50 19,37
UMY : : : - :
) oy
Biodegradability(%) = ( T]l/[Y)X 100 1) Rape 4875 7.64 38.87 3.96 12.31
(4 b—9 +3d) Rush 4957 7.44 39.41 3.27 15,16
a—0— 4c
CHON,+~ ———H,0 i
HON 4 ¢ @) ovrviztnew SSWTP | 5123 | 866 | 3019 | 889 | 576
(4a+b—2c—3d)
) CH4 #* Remarks
(4a—b+20+ 3d) + Cat, 1: supplied a rice straw as forage crops
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+ Rye 1. spike—crops rye - Rye 2: whole—crops rye
+ Barley 1. spike—crops barley

- Barley 2: whole—crops barley

+ SSWTP: wasted sludge produced from SWTP
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Table 2. Amount of biogas produced from different agro-livestock
biomass
Raw material DM | VSof DM | Gas yields (m’/kgvs)
(Substrate) (%) (%) Biogas Methane
Cattle slurry 5-12 80 0.20-0.30 0.13-0.20
Pig slurry 3-8 70-80 0.25-0.50 0.17-0.35
Straw 70-90 80-90 0.15-0.35 | 0.10-0.23
Grass 15-25 90 0.55-0.56 | 0.35-0.36
Slaughterhouse | 1o 16 | go-gs | 040-0.68 | 026-0.45
wastes
Source—sorted
25-30 83-88 0.50-0.70 0.33-0.46
food wastes
% Remarks

+ DM: content of dry material

+ Slaughterhouse wastes: stomach contents and sludge from SWTP
- Source—sorted food wastes: households and restaurants
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Fig. 6 Methane yields of forage crops.
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Table 3. Methane production of different agricultural energy

crops
Content Methane Methane
Crops of DM yield production
(%) (m°/kgVs) (m®/ton)
Ley (grass, clover) 35 0.30 95
Maize (whole) 30 0.35 95
Cereals (grain) 86 0.4 334
Sugar beets 24 0.424 94
beet tops 14 0,297 33
¥ Remarks

+ DM: content of dry material
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Fig. 7 Status of agricultural biogas plants in Germany from 1990
to 2007 year (Source: Swedish Gas Centre, 2008).
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Fig. 8 Relationship between ultimate methane yield vs anaerobic
biodegradability.




B o] 7=l 7HH A AlRAME-O] mEl7}A WAk
B7ksl7] 915kl BMP testS 3%t A}, tf
$3 2 AES 9L & Ytk
L 7t5Ee 5 =09 A5 $Eol Hste] ¥ O/NH|o =
E81aL 345mICH,/gVS e =2 wekrlA uhala) g Eof
44799 il =s Uehfglon, 75ix @7]4 43
of glof 7k E T AEa=E e & o) =7l
2at Ros 2AET
2. 480} WEbla AR YR
2 2R Folgh SHoA 458 £t
*Eixl«l C/Nﬂl% 2ol H|sko] o 4uf WEol= o
51 SEHT} =0 mEl7}A HhAY 254m10H4/gvssz} 45%
AEd=E HLEMM 714843t 714N B87HA
7} =00 of 2 9ot}
3. THAA AlRAE(ZAIZE, +Xﬂiﬂ ANE S5,
IRG)S 360~380mICH,/gVSe] =2 welrlA Ak}
0% o1Fe] Adsle 54 L}EMM F713aslo] Slof &
o) 4R AL B 4 9lon), 53] B} g ARAES
EF7IAR AGA O/NH] 2710} tho] djebrhes AR 2
7toll gt ks 7| & 4= glom, E3F & AT A
BAES AR B8 e 20 sl A @A
o] HEgrtas ﬂT T4 9ke ZloR wnEr

Waut 248
oo, ol

l' m]

L

e

% 7|
B ATE ST A ATARY Ao 93 43
gglow, ol x|gle] ZA=guT

References

[1] Seadi, T. Al, 2002, Good practice in Quality Management
of AD residues from biogas production, IEA Bioenergy
Task 24.

[2] Wellinger, A., 2005, Biogas production and utilisation,
IEA Bioenergy Task 37.

J1EERet 2] AlZAE ) HErLdE AR

[3] Petersson, A., 2008, Biogas from an international per—
spective, Swedish Gas Centre.

[4] SEISMMESR, 2008, EEEFA BEDH,

[5] Owen, W. P., Stuckey, D. C., Healy, J. B., Young, L.
Y. and McCarty, P. L., 1979, “Bioassay for monitoring
biochemical methane potential and anaerobic toxicity”,
Wat. Res., Vol. 13, pp. 485—492.

[6] Shelton, D. R. and Tiedje, J. M., 1984, “General method
for determining anaerobic biodegradation potential”, Appl.
Environ. Microbiol., Vol. 47, pp. 850—857.

[7] Heo, N. H., 2004, High—rate anaerobic co—digestion of
food waste and sewage sludge for the recovery of
biogas, Ph. D. thesis, Chungnam National University.

[8] Cho, J. K., Park, S. C. and Chang, H. N., 1995,

“Biochemical methane potential and solid state anaerobic

digestion of Korean food waste”, Bioresource Technology,

Vol. 52, pp. 245—253.

Penaud, V., Delgenes, J. P. and Moletta, R., 1999,

“Thermo—chemical pretreatment of a microbial biomass:

9

influence of sodium hydroxide addition on solubilization
and anaerobic biodegradability”, Enzyme and Microbial
Technology, Vol. 25, pp. 258—263.

[10] Tchobanoglous, G., Theisen, H. and Vigil, S., 1993,
Integrated Solid Waste Management—Engineering Principles
and Management Issues, McGraw—Hill, New York, 679—683.

[11] Kayhanian, M. and Tchobanoglous, G., 1992, “Computation
of C:N ratios for various organic fractions”, Biocycle,
Vol. 33, No. 5, pp. 58—60.

[12] Mata—Alvarez, J., 2003, Biomethanization of the Organic
Fraction of Municipal Solid Waste, IWA Publishing, pp.
181-189.

[13] Heo, N. H., Park, S. C., Lee, J. S. and Kang, H., 2003,
“Solubilization of waste activated sludge by alkaline
pretreatment and biochemical methane potential(BMP)
tests for anaerobic co—digestion of municipal organic
waste”, Wat. Sci. and Tech., Vol. 48, No. 8, pp. 211-219.

[14] Clementson, M., 2007, Basic data on biogas—Sweden,
Swedish Gas Centre.

[15] Tong, X., Smith, L. H. and McCarthy, P. L., 1990,
“Methane fermentation of selected lignocellulosic materials”,
Biomass, Vol. 21, pp. 239—255.

[16] Pavlostathis, S. G. and Gossett, J. M., 1985, “Alkaline
treatment of wheat straw for increasing anaerobic
digestion”, Biotech. and Bioeng., Vol. 27, pp. 334—344.

[17] Braun, R. and Wellinger, A., 2003, Potential of co—
digestion, IEA Bioenergy Task 37.

2008. 12 Vol4, No.4 | 63



or
ot
ol

W) BRI Bol2ATY e
(E-mail : bionhheo@ekr, or,kr)

d47

198041 Qlsteeb sfatgatat Boht

A e TAL FolEdATd AT
(E-mail : kimbk@ekr, or kr)

—64T AxH-o A x|

0]

ol

rt

&7 st

(E-mail :

2P FolEAT APy

[e}amure)

shyi@ekr, or kr)

5341 oA
et st
%33k} EshakaL






