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Effect of Substrate to Inoculum Ratio on Biochemical Methane Potential in the

Thermal Pretreatment of Piggery Sludge
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This study was camried out to investigate the effect of substrate to inoculum ratio on ultimate methane potential
(B.) from piggery wastes. BMP(Biochemical methane potential) assays were executed for the three samples
that have different organic characteristics (Filtrate of pig slurry, LF; Thermal hydrolysate of piggery sludge
cake, TH; Mixture of LF and TH at the ratio of 4 to 1, Mix), and B, values obtained from BMP assays were
compared with the theoretical methane potential (Bw) of each samples. While B, values (0.27, 0.44, and 0.46
Nm’ Kg'l-VSadded) of TH sample that was pretreated with thermal hydrolysis were below the By, at all S/I ratios
(0.1, 0.3, and 0.5), and B, values of LF (0.64 and 0.53 Nm® Kg"'-VS,aaa for the S/I ratios of 0.1 and 0.3,
respectively) at the lower S/I ratios of 0.1 and 0.3 exceeded the B, values (0.418 Nm’ Kg'l-VSadded). And also
biodegradability (B./Bw) of LF sample were obtained as 152.07%, 122.67%, and 95.71% at the S/I ratios of
0.1, 0.3, and 0.5, respectively, and unreasonable B,/B, values were presented at lower S/I ratios of 0.1 and 0.3.
B, and B./B¢ of Mix sample showed a similar tendency with those of LF sample. Therefore, TH sample by
thermal hydrolysis pretreatment showed lower anaerobic biodegradability than those of other samples (LF and
Mix) and ultimate methane potentials of LF and Mix samples were overestimated in the lower S/I ratio of 0.1

and 0.3.
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E2 71583 (Hydrolysis) ©HA|, AHJA (Acidogenesis)
A, 2AMYA (Acetogenesis) TAIE AA HghgAitel 5=
8 7]& (Substrate)Ql ZAF (Acetic acid)I} 4 (Hy) = A
She}, offgt 7] wWEY4F (Methanogenesis) @AIS
AXHA 252 0= vgto] 4R} (Lawrence and McCarty,
1967). @743k 39t vehe] il & (vield) > YRR
ARl 215 548 o] 2u20] 7] Aol weh A
t} (Angelidaki and Ahring, 1992), ¥UdtA o & thulzlo]
ool e flais W71} Qe Bl
o sahEEA QoL A (NH, N2 Mol Z71t
o, ofuf 'AYSk= Loy Aae HEA et (Methanogen)
& A 5 ok, ER A [Lipid) S e Hate
Ye] Ao A 20| wahsle TPHolA T 1A
HPAL (Long chain fatty acid)X} 3J2HA] A4 (Volatile fatty
acid)5oll 2Jslf @7]43} A& A7} LA Th (Salminen et
al., 2003; Luste et al,, 2009; Palatsi et al., 2010), 18
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b2 @7|asjoA w54t ol eujAmRE Sl b HEAH R 2740 A2 o] a4 e A
E}o] =80 QxR o AR Fleful 7o 7)A EA Stolc}
ofs) AR HolA A7) YrSol /AL A mebd B ATolA e A BP) 4] 9
HEld (Biochemical methane potential; BMP)2] 72 oA 714 (9 HEH (DQ] vl& (S/Do] FSHErgAity
ue Fasi 9 (BT F71H §71% Bejgel n)X e wjotst
A 2 4] (0C, 1 atm)ollA] F/d L 7] $15te] =i 718t e] 2 VAR o] 8E= e
&E (Volatile solid) T IHAHELTTE  (Volatile <88 E Ao g AE T2 S/IH|SofA FEA] &7)4ASH
suspended solid)®] TS 7|E o7 = &Y SVEY 22 0]83l BMPASS AAEEh E3F keLa]a)s 1
gk (CHy) Ao 2 vepdc), o i3t wieh At el 4 9] HZefsto] a4t 4fom FEskal S A7l
242 9fs) FLIAE Owen and Chynoweth (1999,  HHEIZ B3] §7120] 7183} © Arlriajole 27k
Angelidaki and Sanders (2004), Hansen et al, (2004) %5 TAB] 7|AL LAERe 972 7183t Awo] wE
o ofsh ABEAHe] AGE uf Glov], Tl /1 uled AEUSRATNE BT B712 /1% B
Shin et al, (201) 50| 7% WEPATES ZAPPHES 8 AR SHAC,
AEst e de] 2 wee A 2y
o) 130 B4k vo| o) 20| WP ES B sk A2 U ue
e}, 21 Htol Kim et al, (2010)& §7141 Zeile] 5]
H7|axstolA] @ofRl A e Aol Thgh =25l Ak SAME & AfoA] FARE FeEites A7 E 82l
HE Hasigioh ey oA wigbisbedld ] & Alofl fAIste SAbs7teRE SEEdes AfF sk
el Qlof 718 8] EAolu 718 HEH] vl Fol 3] o, AFE dEsTde THEAA I (Solid
A F7|a) vhgof m|Al= FFF A 5 HarE 8t fraction) ¥ 44} (Liquid fraction, LF) 22 Z2|dto] o4t
PO Fernandez et al, (2001), Neves et al. (2004), 2 Algof ZAGHE o, TAS GUeES) HESTE o8
Raposo et al, (2008) 5] 7|EEA, 7183} HEH9| vl& gto] 220C oA 1AIRF ¥EGAIA f718S 7HESkE & <
o] vEhy Ak Bl Aol IX L ofa 5 714k WrlmlA A rhssajel (TS Alge] TAIsIT Eat ris
= Vg SA Bt A5 3yt vt qlek 2y 9] 9 2o (T =2&0eo] Y LR 1149 vlge &

S5t Aol /1 g 9l el A% wel2asel Wil Aol FASISIC (Tale ), FER S22IE 2
wgblde] mxE are EARustn gt steeke  ojRelshe] de A LHT IS ArHRsleke] o

AT e] Z|0o] T Soldol, E ARAuc  @lewslel (1), el THE LFE 140] B8R T
SRshe 717, AN B, vl el weh o2 B 3 Bl (Vi) ARO] 055t AL Table 20] LEh]
o 2= Qlths Mol vlolomla BF A&He ATt otk oS AR TS TR 38,033~ 39,486 mg ke O]

Table 1. Description of sample tested in this study.

Sample Description

TH Thermal hydrolysate of piggery solid waste

LF Piggery liquid waste

Mix Mixture of TH and LF (TH:LF = 1:4 in volume ratio)

Table 2. Chemical characteristics of piggery wastes tested.

Sample pH TS VS CODy; T-N NH;'-N Alkalinity
mg L' mg L' as CaCOs

TH 6.90T 38,033 32,980 61,800 8,179 4,369 8,833
0.01) (672) (580) (721) (19) (128) (262)

L 7.37 39,486 24,500 41,533 4,301 2,730 6,704
(0.06) (221) (330) (493) (110) (129) (131)

Mix 7.57 39,196 26,141 45,586 5,076 3,057 7,130
(0.06) (263) (367) (463) (86) (125) (128)

"Value in parenthesis means standard deviation.
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Holof| 9lolom VS ek TH7} 32,980 mg kg .2 TS
sheF tfu] 86.7%= A5k, LFQ} Mix= ZHz} 24,5009}
26,141 mg kg "2 TS FFF thu] 62.0% <} 66.7%= A5}
¢tk THO] TNZF NH, -N FHFS 8,179, 4,369 mg kg &2
A AR F 7HY A vEbe ], dE|Ek 8,833
mg kg & =7 b

HEH A HEIAE BMP) AR FAIFE AR wet
AR B4 3lEA] 7197 E olgste] 38T
A 10447t vjokslITt (Hansen et al,, 2004), ¥RS7]2
(Substrate, 8)-> FAAEE #ETF6LL, FHEH (Inoculum,
D2 758w SAE SIS AA QMY 459
Fr)astzollA Astohe AHFHT 58Uzt 38T oA &7
BiFAIZ 1L, ZHoA7 kg AIASE 3 Aol FAIBICH (Table 3).
7183} HFN] ul& (S/D) Table 49} Zro] Fuby 118
& (Volatile solid, VS) ¥#S 7|&2o & S/I7F zH2F 0.1,
0.3, 0.57} H=% 24stlon, wgh ik HElde] 54
< 93t 3E2] E7|Hk57]+= 160 mL serum bottleS ©|-§-
akolet, B4 |719Rg71 2] A N, 7EAE FX151e]
717 Aefoll Al e duAlA F-2 (38C)oflAl ulkstad
o], HjY7|7t F F7|H 07 vpo| e A Atk vlol Q.
7kA AARS 259t A|EE d7ASREAS Tkels))
915kl BMP AlgollA] w77t 5 A uehAA Al S
stom, e ikl 4] (1)2 o] Modified Gompertz
model (Lay et al., 1998)& ©|-8-5fo] Z[Z 3|}l meh At

e(/\ft)Jrl”’ o))

M= PXx exp{f exp mp

Al DA M +Z wgARF (Cumulative methane
production, mL), t= F71HUS7IZt (days), P= HEH g4k
HElA (Methane production potential, mL), e+ exp(1),
R Z|HgHAKSE (Maximum specific methane production
rate, mL day ), A= AAAZAE (Lag growth phase
time; days)& YERHLE

O|2X M|EITEIM (Theoretical methane potential,
Ba) o4 wetndld-2 FAIX RS YR AduE 7]
22 Boyle (1976)9] ©7]20] §7]4 Hajuloa] (4] (2))
< o|gate] FstFE o= ALksiaint. 4 (3)el —4°H 4k
25 By= 0C, 1 atm®] 24|04 VS kS 712
2 G978 wErbAo] oF (Nm’—CH, kg —\/Sadded)2
2 FASHGITH

o 00M155+(4C_h_22+3n+28)1720_)

(4c+h*20*3n*23)C]ﬁ+(407h+20+3n+23) )
8 8

CO, +nNH; +sH,S )

(4c+h—20—3n—23)
8

il =o A
LRSS slsetE, B A g T ¥ 160+ 14n+ 325 ©)
Table 3. Chemical characteristics of inoculum.
pH TS Vs COD¢, T-N NH,-N Alkalinity
mg L' mg L'as CaCO;
8.8 15,060 7,950 11,150 3,953 2,936 14,943

(O.Ol)+ (60) (15) 25) 22) (11) Q)
"Value in parenthesis means standard deviation
Table 4. Experimental conditions used for BMP assay by different S/I ratios.
Parameters S/1 ratios

0.1 0.3 0.5

Inoculum
Volume (mL) 80 80 80
Volatile soild (mg L) 7.950 7.950 7.950
Substrates
Input amount (g)
TF 1.928 5.785 9.642
LF 2.596 7.788 12.980
Mix 2.433 7.299 12.165
Volatile solid (mg L']) 0.795 2.385 3.975
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SAUE  we A HEld S-S 919 3R] @71
Hk-g-719] WHA7IAE 2% HAk| resazurin 0.1%% -5}

L 22 7IAEA 7S 0]8519I) (Willams, 1996; Beuvink,
1992). HgkFs%= 242 TCD (thermal conductivity detector)
2} Hayesep@Q packed column (17 3 mm, Z°] 3 m, 80~
100 mesh size)2 A2t Gas chromatography (GC2010,
shimazhu, Japan)Z 08310, 3213 (injector) 1507,
AZYE (column) 90C, HZE (detector) 200T 2] Z 79|
A Ar 7FAZ o] EAFO 2 30 94 30 mL min Ol|A] B4
I} (Sorensen et al., 1991), o]22 wEl HAl o] k&
< 93 A4 45 (C, H, O, N, 8)2 YAaE4]7] (EA1108,
Thermo Finnigan, USA)E ©]-&3}o] 248131t} Hlo] 2|
2 9] 3shA AR AL Standard methods (APHA, 1998)
of W} a0l F = (pH), FAULF=E (19), g L&
(VS), BpshastLa~ = (COD), T84 (TN), ol
A2 (NH-N), 4= (Alkalinity) S #4181,

A0 Y T

OI2X MEHHHAM AULEAS Fojo] ol Al
o] 1494 C, H, O, N, S| aH=k2 Boyle (1976)2] &7] %]
WAL BESA] (4] (2) ol §3te] Akt o) 4] Hsky
B8 Table 50 YERI 2™, TH, LF, Mix A|#2] o]&

(Mix) Al&2] S/ vled 714 f7]& BEs =t vEAy
A el g BA517] 95t BMPA|E AY= Fig, 1, Fig. 2,
Fig, 32} 2t} A7ppisf] ARE<l TH Al 29] 2 wehg 4k
T4l (Fig. D& LF (Fig. 2)9F BlaLste] 27] 30 &<t |
sHsko] ehats] ek AR Balom, 50 o]
E XF vk 80% S HolAls AoR Yelyt
o} TH Al&9 zZSdHgAdAlg el (Ultimate methane
potential, By XA S/I v]&o4] o] &2 wjeh it el d
0.535 Nm’ Kg '~VSuua OFOIA LFEREO M S/T Hlgo]
7ol whet 2% wigk A A s $A S7ekeleh 1
Yt FEE S22]9] WAl LFSE THRF LFO] 23]
Mix A|&E+= 3099] HiF7|Zt Qtoll 2|& wehi4lke] 80%
ol =Eetlon, TH Alme} Hitfz s/THl&o] F71t
of wet 2fFue it eI o] sk A o2 YT
53], LFe} Mix AlH+= -2 S/IH]& (0.1, 0.3)0]4] 0|24

wleb e E e 2astglon, 0,59 s/l gl At 2%
web AT o] o2 wEhAHEAE o] Sojet
Ao R,

Table 5. Elemental composition and theoretical methane potential of piggery wastes tested.

Elemental composition

Sample Ba'
C H (6] N S
% Nm® Kg'-VSadiea
TH 47.8 5.8 25.4 8.2 0.5 0.535
LF 38.6 4.9 34.5 4.9 0.4 0.418
Mix 37.8 4.4 22.7 7.0 0.7 0.487

"Theoretical methane potential
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Fig. 1. Cumulative methane production and yield of TH sample during batch anaerobic digestion at different S/I ratios

(Vertical bars indicate standard deviations).
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Fig. 2. Cumulative methane production and yield of LF sample during batch anaerobic digestion at different S/I ratios

(Vertical bars indicate standard deviations).
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Fig. 3. Cumulative methane production and yield of Mix sample during batch anaerobic digestion at different S/I ratios

(Vertical bars indicate standard deviations).

Table 62 Gompertz model (Lay et al., 1998)2 ©]-83]
o] BMP Alg o2 & wAuebitailS 43t Axto]
th. THAIRS] 79 vk HARF (P& S/1H]&o0] 0.1004]
0.52 Z715to] wh} 22,44 mLof|A] 219,98 mL& Z7}31%
o, HYuEhYArEE (Ry)E 0,90 mL day ' oflA] 4.71
mL day '2 Z7I5I9ich. 58] THAIR| S/1H]& 0,104
11,93 day2] 71 AAAZHGAZE (W)o] B} LFSF Mix A&
o] ALo= S/1 H]E 01914 Rn©] 2.31, 2.21 mL day*lg
bt o S/TH|E 0,501 4% Rn©] 8.48, 9.62 mL day '
2 TH Al=9} Blaste] A os whz 2o etgikds
£ UERHSICH

HelAd (B)Y &714

TH, LF, Mix A]&29] X|Zu|ebaiste

78 AYELL Table 71} 2t HEw|ebYARH e
F‘ig 137} Fig, 29} Fig. 3] vrehd At fAkshA vet

weon, TH Al&d] HFuegitsdde s/1 vlg 0.1,
0,3, 0500141 ZF2+ 0,27, 0.44, 0,46 Nm’ Kg ' ~VSuea® Ut
Efron, o]ZAueAHEE (By) tiv] XA
Helld (B)2 HIE B/BwZ Uehd d7]13 ARs=s
S/ HIE 0.1, 0.3, 050014 ZF2F 50,04, 82,46, 86,47%°]%1

A
=

. LF AJ29] A9 /1 H]& 0.1, 0.3, 0,504 HZu|ebAy
AFHEIEL 77} 0,64, 0,53, 0,40 Nm® Kg '~ VSuae©] 21
o, @714 7= —Ec’c‘f &2 S/THIE 0.1, 0.3, 0,594
7} 152,07, 122,67 1% LFERtTh Mix A|R9] A9 X
714 718 Befl&ollA LF A=t

111 S/1 8] 0.1, 0.3, 0501]A1 E

2 130,28, 116,64, 93.61%
2 YR, LR} Mix /\hioﬂfﬂ LHERd W2 S/1 ]S (0.1
I 0.3)0ll4 zFHeEdtmEl o] o224 e gitdl
zpskal, @714 7= 'Bafeol 100%5 23she A
olgA R ks dutoltt. o3t A= BMPAIA
A S/IHI%OH w2t Aolgt 2k gituidldo] tieht
W, W2 S/I vlgoA HFegitudldo] B 7rd
5 ‘Rm HojEet,

A7) BMP A AfoflA A7kl Abadl TH Al
29| 77 LFe}F Mix A=} vlarsto] W @74 #7)&
H3[E (S/T 0.1914] 50,04%, S/1 0,394 82.46%, S/1 0.5
oA 86. 47%)& E T, 12|l S/1 HlE2] STt uhE 2

(2

=
[e)
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Table 6. Parameters obtained by model optimization from cumulative methane production of piggery wastes in different

S/ ratio.
Sample Parameter Unit /1 ratio
0.1 0.3 0.5
p* mL 22.44 (1.28)‘¢ 124.71 (4.00) 219.98 (9.33)
TH R mL day” 0.90 (0.01) 2.82 (0.10) 4.71 (0.05)
Al days 11.93 (0.32) - 1.58 (0.41)
P mL 57.77 (0.55) 147.92 (4.87) 186.39 (14.99)
LF Rum mL day’ 2.31 (0.14) 7.96 (0.31) 8.48 (0.19)
A days 241 (0.26) 5.00 (0.11) 492 (1.44)
P mL 57.67 (1.55) 156.53 (3.62) 215.13 (10.09)
Mix Rum mL day’ 2.21 (0.19) 6.72 (0.27) 9.62 (0.29)
A days 1.11 (0.10) 1.94 (0.25) 6.54 (0.41)

Substrate to inoculum ratio, ‘Methane production potential, *Maximum specific methane production rate, "Lag phase time, *Value

in parenthesis means standard deviation.

Table 7. Methane yield and biodegradability of piggery wastes by different S/I ratios in the batch anaerobic digestion.

S/ ratio’
Sample Parameter Unit
0.1 03 0.5
B.' Nm® kg'-VSadded 0.27 (0.02)" 0.44 (0.01) 0.46 (0.02)
TH MP* Nm®’ Mg '-Substrate 8.76 (0.53) 14.43 (0.44) 15.13 (0.56)
Bu/Buw % 50.04 (3.03) 82.46 (2.52) 86.47 (3.19)
B, Nm® kg'-VSagdea 0.64 (0.01) 0.53 (0.02) 0.40 (0.03)
LF MP Nm®’ Mg '-Substrate 15.57 (0.07) 13.07 (0.44) 9.80 (0.74)
B./Buw % 152.07 (0.73) 122.67 (4.27) 95.71 (7.20)
B, Nm® kg'-VSagdea 0.63 (0.02) 0.57 (0.02) 0.46 (0.02)
Mix MP Nm®’ Mg '-Substrate 16.59 (0.42) 14.85 (0.39) 11.92 (0.52)
B/Bu % 130.28 (3.27) 116.64 (3.06) 93.61 (4.09)

"Substrate to inoculum ratio,

SHEH AT H714

7l elee] AR =

¢

LFo} Mix A2z 748k Hh, TH A2 Z7fels vk

o] A Yehileh olzltt 29z & of TH A&+
LF} Mix A|&&} H|alsto] F7]ASkA] e it a-go]
o ARom WriEQr) o]AL

r

oy

TH A=52] 3std EAL

LF A2 Mix A=29} H|wdle] 2 x}o]S Holz] &ko

(Table 4), G7}4E

2 QTo)4 Mg Bl
40l BAE AUAG BALRE AAES LR
Zog MZr=ET) Martins et al, (2001) and Bougrier et
al, (2008)= ¥ A0} GARE Q7Hns) AREe] 7] 45t
Q1704 160C ol4fe] 1L, meke] W7mel WSl
gpalEo] opn| Ak vEg-Sto] §7]4] ARl gdo] W

}\O

=3l J’}';Qoﬂk] AEle 7 fr71eel

=°| o83 ]olle 25 o1

2 Wazleold (melanoidin)d} -2 FE3)4d9] F7]&E0]
1

A= YRS (maillard reaction & browning

reaction)©] 01011—4—11}51 Hsk v 9o Mottet et al.

(2009)+= 3

Za7)e) @7l

2ol HAfe] AtollA 165C

*Ultimate methane potential, “Methane production, "Value in parenthesis means standard deviation.

oA WA Al @71 f7lE weleol
56%2 Z7kst ot 220C oA HES A7 G7lRajol e
4192 F7124 §71E &l dashe ﬁ4~ Hi15}7]
= SRt 2 dtollAe @Rl 7182 7}
B2} /1 vl whE XFret ﬁbﬁ*tl S7F e
g ZoR 7ideta AES s 220C oA vk
?‘alét*aixu A7hEsfle 2383 W2 f71E &l
&5 HoluA dHARE HA 2 LF AJ=S} LFA|=S}
o] &=l Mix A== 7|Hehs AdutE= dae Bl

TH ARSI Pe] AAXS 54 S LF AR} LF
Al&7F 9k Mix AlR8] A9= @2 S/1 HlE (0.1
0.3)014 o2 e il dnt H7)4 f7]E Eoles
ZW3l= A1E B ATt Chynoweth et al, (1993)= &
5 (Herbaceous)@} BE = sl4&]A] 9] Arlis) At
oA 0.5-1.08] S/IULENA 71 HAE Y
A4S 9213, Hashimoto (1989) = 0,03~10,91 Alo]<]
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20749 Hi o2 S/1 HlEofA ‘?—__lé% BMP A|Hgh ZAu}
4.08c} 2 s/1 vl&o A 2Fuetstm el o)
Adh= 7314—2— H3gE vh 9ty o]2Jof|= Raposo et al.,
(2008)= dftEtr] 71 A71E o= s/1 ' HEmgr
A RIS EA7 A3 §/1 &) 0.3394 2,002 &
7kt uf, ZEoeb A EE e 0,227 Nm® kg —VSuaw©l
A 0,107 Nm® kg '—VSuuu® Hadls 23S H sty Q)
o, Liu et al, (2009)= AlE27]19] 7|43} At
A ThaFgt S/1 vl (1.6, 3.1, 4.0, 5,00 AE3H A} F7]
2 §71E Bajgo] s/1 vl& 1.6914 93.6%, S/I W& 5.0
oA 54.3%= YERGTE T2 AFARE] GARRE Aol A
S/1 vl&o] whe}t S == 2SR EAS ZfolE B
A o= qlow, /1 HlE2] F7tol| uhet S == STy
Al 219k @714 f71E Befel B drdvte) ¢
APl HAshe Ao yehgkar 9J9ich Eu W s/1
Hl-& (0.1, 0.3)0]4] o]&4] wg A dlaE 2ast= &
A2 op2] By vhrt glot o] 1A AtARE0] BMP A
S Sl 2 HFueAEEAE B olEF HEAy
AbHElE Byt Bt IS Ho|il Qlx| ¢op 71 A
ATt A t“ﬂcﬂ S/I H|-gof| A Z|gr|eb g At sl g
o] I 4 o= e* # Rk,

Aol A] UrEH{r 18] ol A ZFr et el
4o] mst Bt gqg % Zu|2e oujE zdt},

BMP Aol glolA] HEhe Azt skl g e ol
HEAol A el S Qs e s ok
T8y 2 ApEshs iAol FEAoA fefishs b
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