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Correction Method of Anaerobic Organic Biodegradability by
Batch Anaerobic Digestion

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

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

This research was carried out to develop the correction method of VDI4630 method improving accuracy,
and investigated the effects of carbonate ion (Csz') and reactant water (H,O) on anaerobic organic
biodegradability in VDI4630 method. Pig blood, pig intestine residue, pig digestive tract content, and cattle
rumen content were experimented as waste biomasses. Chemical formulas of pig blood, pig intestine residue,
pig digestive tract content, and cattle rumen content were C;738Hg3901.46N1S0.01, Co.69Hi5.4202.85N1S0.03,
C25.17H43.32015.04N1, C27.23H42.38015.93N1S80.11, respectively. And amount of reactant moisture for the anaerobic
degradation of organic materials were 0.336, 0.485, 0.227, 0.266 mol, respectively. In pig blood, pig
intestine residue, pig digestive tract content, and cattle rumen content, anaerobic organic biodegradability
presented as B,/Ba were 82.3, 81.5, 70.8, and 66.1%, and anaerobic organic biodegradability (AB) by
VDI4630 method were 72.2, 87.8, 74.2, 62.0%, and that were significantly different with anaerobic organic
biodegradability presented as B./Bw. The effects of carbonate ion and reactant water on anaerobic organic
biodegradability were not significant, but Accuracy of anaerobic organic degradability was expected to able
to be improved by the correction method of VDI4630 considering the carbonate ion at digestate and the

reactant water quantified.
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Table 1. Chemical characteristics of inoculum.
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pH TS S TKN NH;-N Alkalinity
- g L' g L’ g L' g L' g L' as CaCO;
Inoculum 8.4 17.0 (0.477)' 10.6 (0.399) 5.1 (0.246) 3.4 (0.033) 6.9 (0.208)

"Values in parentheses are standard deviations.



1088

BMP A3 B8 AR ekl

S ER

A7l

ol gto] el VBRI AL

2 0C, 1 71%
CollAle] wgtrie] £ (1),
A9) FRA2E (C), P vgizks
(mmHg), P,+= T CollAe] 4=

el

31 VDI4630 (2006)2] A3}t
= TSFTE BMPAIH oA Sk AT wek by
{3 o] €59 gfs] g 5l LA O
1 719h, A7 (Dry gas)®] )2 Lpehyg]
2ol A GO Vo
oA 8] migt7t2o) Bal (L), Vg wrees T
TE ek RuEY B
By24 galo] 7]t

o Eeleg

A By, L g '~ VSuiaed)
717F = wjEelk Qg

] Ay

. o1E

S71% (mmHg)©]

o} 2 JoAs P 760 mmHgE 7HEste] A4kt
_ 273 (P—P,)
I/biagas (L) - V;;,'Ogas at T°C (L) X (273+ T) X 760

LA AL AL

[ 2 Bk RS WA W

)

Modified Gompertz model (2] 4)2

0]—9—3]-04 SigmaPlot(ver, 9.0)2.2 A5} o (Lay et
, 1998), Modified Gompertz modelo|A] M-S 2 et

xux}ak (mD), t= H7¥iS71ZE (days), P=

v EkAg A Bl

A (mD), et exp(l), RS HtholEPARSE (il day ), M=
A AAAZFAIZE (lag growth phase time; days)S LERACT

M= PX exp{f exp[ iz

8715 712

R’"“(Aﬁ)ﬂ”

@

=232 (AB, Anaerobic biodegrad-

ability) ¥ AT 7129 WA £ HelES
AH2317] $13) Yl 7 4] (5)-(9)9] B A Al vl
wateieh. A (5 ol sk E A ] A4 o)
SR Mg 7129 8714 Bales ek
& WROR U Aol 2318 1 olgslo

719 BoheE AT 4 Ut %
al,, 2011),

L
By,=

i,

g7dol Sdct (Rapaso et
B, = i o]l HERARTEE (L g VS,
o]24] vebgAHEA (L g —VSuued) O]t

AB, %100 (5)
b By,
AB 1, VS— VDIHA630
_ I/: biogas x q CH,+ CO, <100 (6)
”Lsubstrnt@ ( VS + VFAS“ bstrats‘) ><093

substrate

Al
=

(6)-2 VDI4630 (2006)]] ©Jgt 47]% R &

Mo
of
=

22X AB; ys_vpuesos 19 EO] WA L E (V9 &
e (), V piogas= 1A Foll A2 Bl 27}220] A4k
(mL), G oy + oo, 1A Foll o] 272 F veta) o] ik
i) AFEE (g mb), My 7189 A (@),
VS, 719] VS B (g g7), VA = 7120
A XIHORJ (VFA)9] 5% (g g ), 0.932 VS F Hlo] &
7he AeRE (lolems HERE 7% Xﬂﬂ)i "}EW*T}
VDU6302] ReE ABHANA C, oy s co, AHEE T
B ol islekas] R A (S o|&alel Byl A
S, ol 8712 (VO 71elske vlo| @ 7A0] F4
30| vk} ojsiekaeka F1gslel wlol 2l HakS
ek} ojlsleka B! Fiz Aol

100

~ .~ 7
Cront o, @

G, em(co) - = Ci, cm(co) >

AZNA C oy (e, —wr= BIOTR7EE T F33ES] B
BEE B, v/v), C cpicoye iRA Gol HlolrtA S
gk e otk 24 v (B, v/v), C oy i¥
A doll vRo| ek F HRe] S = (%, v/v), C
= WA gl vpo] et F olaksletad] S ik (%,
v/v)olct,

AB7 VS— VDIA630— 1

_ V;,hiwm x q CH,+ CO, + Q,Faz—alkaﬁmty %100 (8)
"nsubsfrnfp ( VSeubqh ate + VFAsubstraf,e) »<0.93
ABi, VS— VDIA630— 1T
- I/;,biugus X Q CH,+ CO,y + Q CO,— alkalinity CZ,HZ()*’!‘GHM(”M <100
Myybstrate ( ) + VFAsubstr'utc) % 0.93

substrate

©)

VDI4630S 7|22 5}o] @7]@ 5

]i (Cos™)3 @714

T (H0)0] Wlﬂ 7=
@ 18w e
2] (@) A ATl igd, ]'ﬂE (Alkalinity)
BALS (H10)9] —4—5H 5} o, G co,—arainity =
PRl oA 71918k COx0l ¥ (8), Aligerare = BMPAE
@714}l Fo] e (g kg as CaCOy), Almmlum
HEN (Inoculum) 53 FYH AL (g kg ' as

CaCOy), My 000 EAF (g mol ), M, q = CaCOy
o] BAF (g mol o},

L=
.

81ho]] o} gl
{718 Eahabgel] Fofshe
Bajgo] vAE JFE B
| @ 4] @] el

%) 010 [‘-Ql

L

rr —101' e



714 f7lE 2ellE 1089

A (9™ 71 Esag el Fofshke W 2 (H0)
FZ A A A a2 w2t chEskleh 4 (1)eA
Ci 1,0 reaam= 1712 @714 3l RESof Foishe
2 (H0) F @), Ryo ue A D= o180t 2kt i

S

A @7 {7122 @71Estsol fefshe o84

Hks2e] oF (), MV, o= 1WA E7HA] A webal

i=1

OO]: (H]L), I/tm‘,(zl. CH4“1C‘._ HH 001:7] Zl- % %— l,—;;_(ﬂ‘ Uﬂ %/\g/}_aok (H]L)

ol

2

» CH,
_ i=1 1
C;',, H,O—reactant ~— RHZOfth x

=

total, CH,

o] W7 A= 2% A resazurin 0.1%5 ok 5
ZHA MAEA 7S o] 85It (Willams, 1996; Beuvink,
1992), HERsx BA418 TCD (thermal conductivity detector)
9} Hayesep@ packed column (217 3 mm, 2] 3 m, 80~
100 mesh size)& A2FeF Gas chromatography (GC2010,
shimazhu, Japan)& ©]-&3l32m, FQFt (injector) 15
0C, AHE (column) 90C, AZE (detector) 200C2] %
o)A Ar 7IAE ol FAFo R Fo] 44 30 mL min ol A]
B35} (Sorensen et al., 1991), o] 27 wel HelAd o)
AEE 9IE AYa 3 (G H, O, N, 92 HaiA7]
(EA1108, Thermo Finnigan, CA)ES ©]-&3}o] EASIIC)
Hlo] @ujA0] $}8kA] AGAHEAL Standard methods (APHA,
1998)0] we} #ASFG o, Hio|QmjAo] AR HAS
217Y0) AZANRE Wiley MillZ2 243}0] 20 mesh FEFH
£ EalX A BAAER AMgsig o, ZAH) (Bther extract,
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CP)}& AOAC (1990)°] whe} BAJ5H3LY,

4a—b—2c+3d+2e
P o 4 (12) SHAEM {7189 @718 Halle2 Azt 49hEe]
HO~th B0 1126+ b+16¢+ 14d + 32¢ AEZ 4=7]3}0] SAS package (SAS, 1999)2 o] &3}o] B
AHEAS AAJE o, H7t Z}ol= Duncan®] thEA4
e 15 o oz | = i s e el L B P el Holl &Jsf) 95% FojE o2 A8
Table 2. Chemical composition of waste biomasses.
Parameters Unit Pig blood Pig 1thest1ne Pig digestive tract Cattle
residue content rumen content
Crud Fat' % (W/w) 1.1 (0.1 153 (0.2) 4.0 (0.1 3.3 (0.4)
ruce Fiber % (W/w) 0.4 (0.1) 2.8 (0.1) 6.6 (1.0 442 (2.6)
compounds .
Protein % (wiw) 93.0 (0.2) 40.1 (3.6) 15.1 (1.0) 13.0 (0.1)
C % (w/w) 483 53.2 36.7 46.7
- | H % (W/w) 9.0 7.1 53 6.1
emental 0 % (wiw) 24.8 20.8 292 36.4
composition
N % (W/W) 149 6.4 1.7 2.0
S % (wWiw) 0.4 0.4 N.D® 0.5
TS g kg 180.0 (0.3) 297.5 (17.1) 2974 (11.4) 267.2(1.5)
VS g kg 170.2 (0.3) 256.4 (8.3) 253.6 (21.4) 233.1(1.9)
TN g kg 148.8 (0.3) 64.2 (5.7) 24.1 (1.5) 7.2(3.6)
NH;-N g kg 13.9 (0.1) 4.1 (0.8) 0.5 (0.3) 0.9(0.9)
K g kg’ 0.118 0.368 0.195 0.906
Ca g kg 1221 1.482 2.018 3413
Mg g kg 224.8 138.3 3714 0.428
Na g kg 0.094 0.238 0.155 1.669
Fe g kg 0.368 0.336 0.608 0.324
Co mg kg’ 0.1 0.1 N.D 0.3
Ni mg kg 1.6 3.0 2.7 3.7
Mo mg kg N.D N.D N.D 1.4
Cu mg kg 14.6 5.1 24.0 8.4
Zn mg kg 13.0 14.9 214 403

"Ether extract, *Values in parentheses are standard deviations, *Not detected.
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Table 3. Chemical formular and theoretical potential of anaerobic reaction components.

Theoretical reactant

Theoretical production

Samples Chemical formula
H,O CH4 (Bu) CO,
g g-]‘VSadded L g-]‘VSadded L g-l'VSadded
Pig blood C3.78Hs.3001.46N1S0.01 0.336 0.539 0.386
Pig intestine residue Co.60H15.4202.85N1S0.03 0.485 0.663 0.466
Pig digestive tract content Cos.17H43.32015.04N1 0.227 0.517 0.422
Cattle rumen content C27.23H42.38015.03N1S0.11 0.266 0.509 0.441

Table 4. Parameters of methane production curve estimated by the modified Gompertz equation.

Parameters B.' P R AT

L g']-VSadded mL mL day'] day

Pig blood 0.443 184.5 26.4 0.4
Pig intestine residues 0.541 234.2 10.5 2.8
Pig digestive tract contents 0.366 149.2 19.5 -
Cattle rumen content 0.336 140.1 8.2 -

"Ultimate methane potential, *Methane production potential, "Maximum specific methane production rate, 'Lag phase time.
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Fig. 1. Biochemical methane potential of waste biomasses
(Vertical bars means standard errs).
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Fig. 2. Cumulative gas production curve in each biogas components.
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Table 5. Chemical characteristics of anaerobic digestates after BMP assay.

Parameters pH TS VS TKN NH,-N Alkalinity
- g L’ g L' as CaCO;
Pig blood 8.55 16.9 11.1 5.5 (0.110)" 4.6 (0.168) 9.0(0.129)
Pig intestine residue 8.47 15.1 10.0 5.3 (0.129) 4.2 (0.030) 8.3(0.504)
Pig digestive tract content 8.32 14.6 9.2 5.5 (0.190) 4.0 (0.019) 8.2(0.073)
Cattle rumen content 8.30 11.9 7.6 5.1 (0.133) 4.2 (0.178) 7.7(0.115)
Values in parentheses are standard deviations.
Table 6. Anaerobic biodegradability estimated by different analytical methods.
Samples Anfaerobic biodegradability : :
Buw/Bin AB AB-I AB-II’
%
Pig blood 82.3a" 72.2b 72.4b 72.5b
Pig intestine residues 81.5b 87.8a 88.1a 88.5a
Pig digestive tract contents 70.8b 74.2a 74.5a 74.5a
Cattle rumen content 66.1a 62.0b 62.1b 62.3b

ABz VS— VDIA630
with alkalinity content, AB VS vDme30— 1T

: Biodegradability by VDI4603 method, iAB,.” VS VDHG30— T
: Biodegradability by VDI4603 method corrected with alkalinity and reactant water

Biodegradability by VDI4603 method corrected

content, "Means in the same row with different superscripts differ significantly (p<0.05).
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