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The Measurement of Biochemical Methane Potential in the
Several Organic Waste Resources

Seung-Hwan Kim, Hyun-Cheol Kim, Chang-Hyun Kim, and Young-Man Yoon*

Biogas Research Center, Hankyong National University, Anseong, 456-749, Korea

This research studied the bio-methane potential of several waste biomass materials as alterative sources for
biogas production, and the laboratory procedure for measuring the biochemical methane potential was
described. The wastes from four agro-industries (sewage, livestock, food wastewater treatment sludge and
cattle rumen substance generating in slaughter house) were evaluated as substrates for the assay of
biochemical methane potential. In order to estimate the ultimate methane yield, two empirical equations
(modified Gompertz equation and exponential equation) was investigated. The ultimate methane yield of
sewage, livestock, food sludge and lumen substance estimated by the modified Gompertz equation were
0.086, 0.147, 0.146, and 0.121 L. CH, g'1 VSadded, respectively. The ultimate methane yield estimated by the
exponential equation were 0.109, 0.246 and 0.174 L. CH,4 g'1 VS.ddea in sewage, livestock sludge and lumen
substance. And the ultimate methane yield estimated by the exponential equation showed more high values in
the range of 26.7 ~ 67.3% than the ultimate methane yield estimated by the modified Gompertz equation.

Key words: BMP (biochemical methane potential), Waste biomass, Anaerobic digestion, Biogas, Rumen
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Aol FHxe] ggo e A5 (Eom and Han,
2004; Heo et al,, 2003; Lim et al., 2002), &3
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(Lee et al., 2000; Park et al,, 2001), 87|43} &
A =% 9 f7lE AARE Aol et A+
(Park et al., 2002; Choi et al., 2005) 5 &2 &
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o=+l AL vy} (Stewart et al,, 1984), W
(Knol et al,, 1978), A]E=7] (Chynoweth et al,,
1993; Hashimoto, 1986) % Thfgt wix}dof ot o
Sl A7 HusEa glom, ole} ghA 4l 2l
= veHEd 24 W FHrhyel #d A= o
B3 (Daniel and Tiedje, 1984; Hansen et al,,
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Table 1. Composition of basic anaerobic medium for the
biochemical methane potential assay.

Ingredients Chemicals Concentration
mM
KH,PO4 2.00
Buffer solution
K,HPO, 2.00
NH,4Cl1 10.00
. MgCl, 0.47
Mineral salts
CaCl, - 2H,O 0.51
FeCl, - 4H,0 0.10
Alkalinity solution NaHCO3 0.01
H;BO; 0.81
ZnCl, 0.37
CuCl, - 2H,O 0.18
¥ MnCl, - 4H,0O 2.53
Trace metals
Na,MoOs - 2H,O 0.04
NaxSeOs 0.29
CoCl, - 6H,O 2.10
NiCL - 6H,O 0.21

"Trace metals were prepared as the stock solution (% 1,000).
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AMAFHEl A (biochemical methane potential, BMP)
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719kg7]9] W7 AE= 2% 3FAM| resazurin 0.1%5S S
froke A ZEESAVIE ol 8SkITE (Willams,
1996; Beuvink, 1992), HEksE E42 TCD (thermal
conductivity detector)?} Hayesep@ packed column
(A7 3 mm, Z°] 3 m, 80~100 mesh size)S A2kt
Gas chromatography (GC2010, shimazhu, Japan)&
ol gslFom, FQ (injector) 1507C, HHE (column)
90T, HEY (detector) 20002 ZAoA Ar 7t2E
oA & Blo] $4 30 mL min oA EAEYC)
(Sorensen et al., 1991)., F7|A HALEH sstd A
ATt e A SR 29S Sfa w7 vjekle] o)
54 AAHEAL Standard methods (APHA, 1998)9]
wef FAFE (total solid, TS) 3, 3 1=
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214 AL )

VSadded) = E4317] 9

3] d& AEE= (1) Modified Gompertz model
(Lay et al., 1998), (2) Exponential model (Owen
et al,, 1979)2 ©|&3}3l, SigmaPlot(ver. 9.0)0.=2
A5} (1) Modified Gompertz modeloA M
A webgAE (mL), t= F7[MS7IZE (days), P&
HEHIAFHEAE (L), e= exp(l), Rm- Z|tfweh At
4% (mL day ), A& AARFALE (ag growth
days)= UERH,
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phase time; (2) Exponential

R, Xe
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Exponential model
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Table 2. Chemical composition of organic waste resources.

Feedstock TS 'S COD; TN NH,-N

% % mg L' mgL' mglL’
MWTP ' 18.1 143 395420 13,763 2,238
Lwrp? 23.7 189 276420 13,618 4,902

FWTP® 13.6 11.9 210,400 6,412 1,249
ORS' 14.8 125 168,500 1,885 236

WLSludge of municipal wastewater treatment plant.

i=Sludge of livestock wastewater treatment plant.

§Sludge of food wastewater treatment plant.

Organic rumen substance originated from a slaughter house.
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Table 3. Changes of chemical composition of feedstock after anaerobic digestion.

Feedstock
LWTP ' FWTP®
8.41 8.05

19,395 17,750
(332) (113)
14,703 13,724
(170) (65)
2,295 2,100
(67) (69)
1,138 986
(57) (67)
20,400 25,200 26,300
(141) (6,505) (1,273)

t Sludge of municipal wastewater treatment plant.

Digestate
LWTP FWTP
7.16 7.14
18,065 15,830
(1,464) (1,061)
9,079 12,009
(4,118) (2,607)
2,122 1,953
(457) (168)
1,099 1,263
(74) (29)
15,833 18,233
(2,650) (961)

oLs'
7.93
17,885
(742)
14,154
(721)
1,459
(26)
1,190
(49)
26,750
(5,869)

MWTP!
8.32
22,390
(537)°
17,293
(315)
2,232
(14)
1,231
(80)

MWTP
7.25
17,643
(1,562)
10,758
(1,226)
1,738
(70)
1,047
(35)
12,800
(1,992)

OLS
7.09
10,000
(1,576)
6,168
(1,387)
1,318
(41)
1,032
(D)
17,000
(2,600)

pH

Lt

TS

-1

VS

-1

TN mg L

-1

NH,-N mg L

COD¢; mg L

t Sludge of livestock wastewater treatment plant.
¥ Sludge of food wastewater treatment plant.
'”Organic rumen substance originated from a slaughter house.
#Standard deviation.

Table 4. Methane yield and model parameters estimated from the cumulative methane production data by BMP assay.

Exponential model
Bo
mL
140
404

Modified Gompertz model
P Rin
mL mL day’
114 4.40
241 24.03
FWTP' 0.146 187 6.07
ORS' 0.121 168 7.84

t Sludge of municipal wastewater treatment plant.

Feedstock
k

A
day
0.29
8.60
9.11

2.78

Ultimate methane yield
L g' VS
0.086
0.147

Ultimate methane yield
L g_1 VSadded
0.109
0.246

0.003
0.028

MwWTP
LWTP?

0.174

241

0.008

t Sludge of livestock wastewater treatment plant.
§Sludge of food wastewater treatment plant.
¥ Organic rumen substance originated from a slaughter house.
“Owen et al., 1979.

oz

Lo oA

Table 4 HERYAFEA ZFEE Modified
Gompertz model¥} Exponential modelS ©]-83}o]
HAsket & =25 houEbgAlEF (L CHy g VSadaed)
1 Ay UEMIRItE,  Modified Gompertz
modelo|X= 8}, 7FE5ER, SA1E, B9l HEY
cHejleyAkFo] Zk2k 0,086, 0.147, 0,146, 0,121 L
g VSaea®] 2™, Exponential modelS ©0]83}o]
TRt SRS Sk, VSRR, WS A=
oA ZHZF 0.109, 0.246, 0174 L g ' VSuea®
Modified Gompertz model2 ©]-83dfo] FATH Teu|
SHEARFTL BlaLste] 26.7~67.3% A= A FAME

53] SAE &8AY A Airer 1 AAEH

=9 RESEEE Kol ST A=W QoA

7t o
£ Exponential modelS ©|-83t ThHERARIAIRF AL

o] E7}atqlrt.
3t £9X|9] AL Pauss et al. (1984)2} Mata—
Alvarez et al. (1990)7} ®.13} 0.890~0.430 L g
VSadaead YW EHPAFTE Chynoweth and Owen
(1993)0] B3 0.186~0.222 L g ' VSaaea® T
AR X0l Kol 9lo], YRe] WA EAd
uhe} SHEARERS & AolE BY = Qe AoR
AJZrEth E3F Banks (1994)% 105 m” 72 &

P =]
LA ==Y

=

.

%] &5}

AR
2] &7|438}% (continuously stirred tank reactor,
CSTRIE o §sto] 4o} ofe] WF9) 2AReIA 0.1
m’ kg CODO| T9MeMPAlFS RISLE, Banks
and Wang (1999)& A& W] A2 et b2 o
TS F3 SdE @714kl 0.27 m® kg
TS9O T et yAEFS H 11519itt Banks and Wang
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(1999)¢] AF2IE VS7|EL R gHbsto] & d7-dy
oF Wlwake oF 0,32 m” kg | VSE 4k 4= Qlrt,
Rigure 17} 2% 22t 8714 AR A ojey
AFEA-S Modified Gompertz modelX} Exponential
model & ©]-§slo] AsRt A4S eIt Modified
Gompertz model2 o §3te] HHTa 4714 T4
W RS SAE G TSRk Sed 9
9] ZEAEelA R7E Z7F 0,995, 0.994, 0,996,
0.99282 {714 #HAdd weAEALS 2 ddYsta
9lo Exponential modelS 0]83k= 7<% R*7} 7kt
0.938. 0.995, 0.878, 0.9762A] Modified Gompertz
model ¥} Blaste] thar W& HASteE HIth Cho
and Kim (2006)2 S4l&2d7] 59| wghgitHeld
ZA oAl Modified Gompertz modelS ©o]&3l1 R’
7} 0.997~0.9992] HLE HYtty XISt Q)
2 AAbolA Hzo]l A wgtAkrA ol
3}lo]l Modified Gompertz model®] J2|3t AO
lSRal=g
5] 7t SeR|e) o] d7]astyofA] At
20 AAQA7IE Holal, 54T 54 AdEE
Hol= 79 Exponential modelS ©]83F mel YAk
SLA0] Rgho] Wolx Aoz Yehyith Gunaseelan
(20032 TAT YR HEPAHNLL S
g] Exponential modelS ©]-&3}l=d] o], 1004 9]
Aol @Il gRlsklen] weITke 41s)
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Fig. 1. Curve of biochemical methane potential assay by

modified Gompertz model. Sludge of municipal waste-

water treatment plant(O), sludge of livestock wastewater

treatment plant(V¥), sludge of food wastewater treatment

plant(®), organic rumen substance originated from a
slaughter house(A).
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Fig. 2. Curve of biochemical methane potential assay by
exponential model. Sludge of municipal wastewater treat-
ment plant(O), sludge of livestock wastewater treatment
plant(V¥), sludge of food wastewater treatment plant(®),
organic rumen substance originated from a slaughter
house(A).
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