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Field Test of Methane Fermentation System for Treating Animal Wastes

FrEIEA*, $iRIESE, $RARTFER, A HiE—*, IUELR*, AEHE
Naoaki KATAOKA*, Takayuki SUZUKI*, Yoshirou SUZUKI*,
Kenichi ISHIDA*, Norio YAMADA*, Katsuo HONDA**

ABSTRACT; A methane fermentation system for treating animal wastes was developed and substantiated
successfully in a field test plant (0.5 m’/d). The system is composed of a screw-press dehydrator, an
acidification digester, a methanogenic digester, an anaerobic sludge separator, an oxidation ditch, and a
composting equipment. Pretreatment of swine wastes to remove the solid impurities was carried out using
the screw-press dehydrator without chemical grouting. TS and CODc, removal by the screw-press treatment
was 38% and 22%, respectively. Properties of the screenings were as follows: water content 57%, ignition
loss 93%, specific gravity 0.33. Main ingredients of the screenings were undigested organics and swine
bristles. The pretreated strong slurry (CODc; 9.0%, BOD 3.0%, TS 5.5%, T-N 0.48%) was digested under
mesophilic conditions; HRT of 15.4 d; volumetric organic loading rate of 4.4-4.8 kg COD¢/m’-d. It was
found that COD¢, and BOD removal at 35°C was 64% and 78%, respectively; digestion gas production
rate was 25 Nm’/m’-slurry; methane content of the digestion gas was 67%. The effluent from the
methanogenic digester was separated into supernatant and thickened sludge in the anaerobic sludge
separator and subsequently treated using the oxidation ditch and the screw-press dehydrator. The oxidation
ditch for treating the supernatant was controlled by intermittent aeration for the purpose of nitrogen
removal. The quality of effluent from the oxidation ditch (>20°C) was BOD 90 mg/L, CODc, 360 mg/L, SS
40 mg/L, and T-N 220 mg/L. However, organic colored substances (dark-brown) remained in the effluent.
The thickened sludge was dehydrated using the same screw-press dehydrator as mentioned above. Polymer
feeding rate was 0.54% to TS. Water content of the dehydrated cake was 77.5%. Mixture of the screenings
and the dehydrated cake was composted without bulking agents. It was confirmed that the present system is

applicable to treatment of animal wastes.

KEYWORDS; swine waste, methane fermentation, oxidation ditch, compost, screw-presss dehydrator
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3. EBHIE

(DERERORE

HERIBEEFRFT CIIERSBEROMNEFE (BREITHPL. REKITTXF—arFry
FRE)ZFEALTHDIEDD, KRB THBEELRIGKEER] 2 IZNE-EWLT-, £ Ri5Kk=1:
1o~25(RELEIZ1IEL) DR TEREREGL A2Va— T AMEBLI-, BEIL, #5)1REK
BERENRERBLIONE | BRZEFRFROKE (BB 100~250 3. B 5HTOERRKR) »H%
EFEHET2~3E EOEETHRHL, EEFHER. BREBEAAI ) a—ar Ry |ZTERES
BIZBA L, RIEKIZHRE)EEERENORIEKE M OLEER R T T 7L CTERL 72
B, ZORFBEAKIZIT, BERTHERLREKDE TN,

(2) BEBLUREKDMHR

FRE L. EKE53.0~T72.4% (F1 65.6%) . EEIE 75.4~89.3% (EHI 85.8%) DR TH T,
RGEKDEHERIL, TS 4,740mg/L, VS 2,640mg/L. Total-COD., 5,480mg/L . Total-COD,,
1,290mg/L. Total-BOD 2,310mg/L, NH,"~N 740mg/L. /L4 —/L-N 890mg/L. pH 7.7 TH -7,

(3) L EDEI F iE

BMEREBESEIZ. A2V L ABRKE (PrEEGRD® vS T-1 B, £& 2,530mm, 24§
700mm, & 1,200mm) (2T, SEE COBEEE 300L/h TREL, HEHRIE, BEAITEEEYE
& 3.5 m®) IZETEE LI,

AR RBEE (B EME4Am®, 2 ) OEERT, EINE (REHEIRE 25~29°C) 12T, HRT 50~30 B,
COD, BHEATH 2kg-COD/m*: B LT OEFNLHIAL | BREMIZE M ATE L UTo7- ke
B9IZiL, HRT 15.4 B CEEEGEIT o7, BUKEAEIZ 4B/ BOSEBEBRA RS ALZM<F
FTEBMEA) | RESMEERII34 ON 55 OFF DRI R GRS CEE L, 2R, XENLEF I,
AX R EERE AR R MR GA R (3EL B) T 35°CIEL-, EET A TR R E CRAEL T,
BRERAUZ Iy MR O KB ek % BV, MERRHEE (25) 1% 4 25 kg FRELTZ,

AR BEBENII OB A AR T — i ar Ty T AR S B KR L 2B AR LT, A
RBEOAT REEERO EERCAT ., B EBIREE) 2RV o —HRERRER LM A XY
F—arF oo F GRER 12.6m°, HEHERE 10.6m°) THELLI-, 22T, ERBREFLENLLTHE
REBZ(2hBE,1h #E) L0 -BEE{T7,

SEERETORRIFIRIT. EROFLBIZAWB—DAIY 2— 7L ABClKLTZ, BIREKIIZ
1. 01 %ICHAKFRLU-E S FERER (= Y a—2 LDCI00E AW, (BilREEER, A0Va—TL
AT THI 2501/ h CRAARLER LT,

PEH B LOBABRIL. #IECRBEB (E+TTEGE, EAEDEHE 1230 2BV T=
VIRAMUEBRRIT o7, REBREE I CEM B 4.0kg #FEEL ., 0.4L/min(0.1L/min-kg) TiERBAK LI,

MEERIL. RIER AR REE CTERRELIT OIS

(4) 3t HE
- TS(Total Solids, £RERZY); 105°CREEEWERE (JISK0102)
- VS(Volatile Solids, 3REUE &) ; 600°CHZE (JIS K 0102)
© COD ,, CODy,, ({LFHEBEEHEER); BErulBEhUYANE, Yo 8AVT7 A% (JISK0102)
- BOD (b EER) ; 20C. 5 AfMOERERE BREEATEIV /T — T TH
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—445—



“NH-N(FTrE==7THER); ZEEEE (JISK0102)

- NO«-NEHERMEER), BB —Hf@EEE (JISK0102)

CT-N(EEH); 718 —)LiE (JISK0102)

* CH,, COy; AAZa<h/ 57 (GL A=A GC-320, & HE8 TCD, #7724 Active Carbon 30/60, 75
LIBE 95°C, FvUT H X He)

- JRFEME Sy, GF/B(L p m) TOAHK

4. EBRERBIUOEE ®1 HEAROEK s
4. 1 BRBEBORIY 22— TV RLE G #
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3.0%0FH IR E R ChTo, Eho. AYY 2T LRI S
Total-CODe, 90,100 mg/L
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0

Total-COD., ¥ DIEfEM: COD, MELBDOEEZTT. B w000
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%D RIT 15~30% Thor=dixt L, BkEFEMEIz 2 e
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8 A LAMi3 HRT 4 B CEERLT-, TORFDO BRI E M1 20~24kg-COD/m*+ H | 7.8~9.3kg-BOD/m*-
A Thoto, ZOFRE, pHIL6.0~7.0, BEUKEr BB BEE L TIIBOD BLUHHEIBEITIER
EOE TR, BRBERT. FFFELT. A7 a—7 L AEZLVLEKIFEE DT AHEML
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4. 3 BEHEE DAY FRERLE
EREHROAZ L FELBECIE HRT 13 B . AE %
AF 6~Tkg-COD/m’* A DIRABF THoZILIZE 5
& HRT 15.4 B COEFEELIT o7, RARMIED £
BHEARIL 4.4~4.8kg-COD./m’* H | (FIR AT I
0.18~0.23kg-COD¢/kg-SS+ B Th-7=, 723, 35°C/n
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(1) BEHRDR A *
BI6I A5 REEMEEFFORE, HRT, WLV 2% =
A& WA AR AT, EE~KETOEMEE ¥
ERREIT 5~ 15N/ mi-FEHIE, A0 3BCHEZMIARE |
20~ 28N/ MR RO LS AR BT, T,
JSTIMBFITIZIEZEL THET AN AL, HL
TRAGRDAR o HAEHFEIL 66~69% THREL T,
ZOMDH AR5, CO, 31~34%, H,S 0.1~0.4%,
NH, 1ppm EL F Tz, 35°CIZBEL B4 1. 0.35~ § ©
0.4%DEBED H,S BRAEL:S, 2B, ZOMEFEEE &
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B REEESTOEE LONTAL—ELRPS
Fo, REHKEBTIE, WL Y AE A BTG EE
WEERPIDH REBIZFIB LT,
(2) B 55 #E
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(NH,) D2 2D ERHDHM(NH,T & NH, +
H™) | R T B =T N AR HEEERE~DRE
WCHKEET D, ZOBEET S ETOREL,
NH,™-N (% B pH O3ERTHREY, ®EIT
HEXIVEREFEHLTERT Y,

HRT 15.4 H. 35 CHIBRHIRITAHAY - FEE
A NH, " -N B ET 2,500~2,800mg/L THY, i
BT T T EMELLTIE 250~500me/L (GHE E)
DEEF TH-7-(K8), ZOEE, AX L BN D
fEME COD, (7)) CFARME TOC, HHEERE D E
BETABEBIIHITERONh o, Lo T
ARUAT MMILBAL BB TO NH, Y -N BE
(3,000mg/L BEE) TlE AY U REEFUSHIAETD
LEARVHOEE XN,

4. 4 HEHE EBBROAXD T —a T F O

AL REEROE LI, BT EOBZHMHENL, A
I a—RIRmBRERBAELAFL T —arTa
o FTAT o, BRI A LT AZ U REBER A X
T —=Ya Ty F B CAUTHNL ., BHNT4
B R AR T e Ty T CHEIRBERL
BT, HEEE FBEO K ERR IR, iR
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XE~FF
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s BRRIETOC
£
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£
T oo
153 A #8 (as Hac)
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=
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‘88 &/1  9/1 10/2 11/2 12/3  '9% 2/3 3/6 4/6
/1 1/3
A B
HM8 ERETBEOAIEBUEICETEITUE
ZT7DEE

#2 XT3 FruFIBKE

0.12kg-BOD/m® « H . {5 I8 & ]

" . o " B K H
0.018kg BOD/SS.EVC%OK‘o 5 B P —

MOz AF L F— g T FIE 7~9 AOFEH | 10~11 BDOEY
TR (IR, MLSS, SV, SHLERK | Total-BOD (mg/L) 1,030 92 319
B (BOD, SS, #F%) O HE{LER | Total-COD,, (mg/L) 1,390 191 550
T, FE, R2UTKIEAKEETRT, 2L | Total-CODg, (mg/L) 3,430 394 1,190
HAHEIL 7~9 A OKI& 200CLAE) | it TOC (me/L) 440 127 235
Ti% BOD ¥ 92mg/L. SS ¥ | NH, N (mg/L) 820 54 126
40mg/L EBEF Tho72, = AFY | NoxN (me/L) 53 149 476
Ttar Ty T KB 0CETE | 1y (g) 1,050 224 637
DiEI-EH ALK BOD, S5 3612 [0 I~ " 12
B{bL7, 10~11 B D 20CLLFOIE -

pH 7.9 75 6.8

AIEHITIE, BOD, SS £(Z 300me/L.

BLEER o7, ZOBRIT MLSS JEEDME T L0, AWiE DR T CIBRTay 238N, (5IRAELT
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Y
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FEERAZ CRBEBROFCABEORFTHRE IR
EAETRV, BES I, BB R TR EHEK
DAZ BB E 10 FHRLELT HRT 28, BOD
BHEAT 0.39kg-BOD/m’ H D&MT BOD BRER
89.0%, 7L F— L ERER 34.0%, TEREHES
IRIETIIAZ U REERZ3(EH KL T HRT 2H.BOD
RHEAM 1.3kg-BOD/m* B O%&ET BOD BHEE
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K AT LTI, AF U BEEER D5 BEE LB AL
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NHEEAD, 728, LEAPEBREEZETIRITE
EH POHELRL Tho7,
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Fxy7-va>57+1v7]

SV,
38K
BOD
$S
ZERkE
et BREBHTN
a ~
e o -
g L i
- L &
o
B K NO,-N
LT A NH, TN
‘98
N 8/1 9/1 10/2 11/2 12/3
A B8

AFLTF—2arTavFDERERE
AMIBKE

100

T80

7 60

1 20

SV, (%)

AFCREEETE |t F—va T o FER
(B.7K & #z 26 [B]) (R K E#z 10 [B1)
TS 22,700 mg/L 13,500 mg/L
5 Vs 13,500 mg/L 8,320 mg/L
7 ss 19,300 mg/L 9,950 mg/L
ﬁ: TANYE 7,200 mg/L 940 mg/L
pH 7.8 7.3
w| &kE 77.5% 82.2%
?% SEEN 67.6% 76.0%
Ve thE 0.76 0.75
5 TS 4,230 mg/L -
x SS 165 mg/L 76 mg/L
5 TAmE 4,630 mg/L 430 mg/L
it pH 7.9 6.8
ol ®ETS 0.54% 0.76%
2 s 0.61% 1.20%

ARUAT ATH, BEETHERBLIOEEETN +RKBREDBEY DA FAMLEBRELT

FOREE L. SKREBNEL, ZRELFOIENS, BABIROa L RAMERFO B G H 89721

BEALRETILN Mo, Tabb, HRIRBIEM AN T DL ar RAMUT HIEB TR,
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(S EEFHR B CTE R+ BKTE
B(=1:1) j0ary TAMLBERIZBITAEE
L& R I0IZAT, 2 RAMNEDIREIT,
BEEBBEONIT 65CIMTIcETLERAL
7. L, BSIZTRLEED, PR L[5
RORS L CREERRRE T, FEHH R B
TORRAMUIZEBIL T, B Fa L BAKTE
REEBRELEBETHIVRANBDIEE L
RRAE DT, ThiE BAKBREZRE L
BETEMBPOEKEBRRECIEBLIUE
W BN DIV ECRETEE

80 7 i ]
HEL ¥ BREL L PIEL

60 [

40 KR+

+BUKIETR

0 .
10/24 10/26 10/28 10/31 11/2 11/4 11/6 11/8 11/10 11/12 11/14 11/16 11/18 11/20
R =]

K10 IVRAMELBRIZHBIFEIAVRINBOEBELE

N (Y SRS (2) R T+ BACER
X_ghéo :zz » 10 10
X. 9 9
SRAMEBRIDBIBMRE Rl A e, ‘.
eI FRT, avBAMEick  Fw o o
100
53@?’:1‘7&5@@’)\%3&1 T~8%THh S 10000 s ] 100000 ¢
Sty Flo, AUBEAMEDFIHITIEL 2w T 2 oo
¥ 6000 T
BUROBDOGBIIHERSTTUE ¢ g \
=TAERSN.pH B—H 9 fhf o oaw Mo ¥ 000 NO-N
z X s ES P r——]
CEFTERLE, 20%, TUEST 2 e L L 20 %
. e . ~ 80 HREE S ™ °\osm\u_q_° 5 @
AT DS LN NOx 4y ~ Dz E o R N P 28 —3 "
i RamAE Rl e e I
# o ) 10 5 eem 7 10
BICLoTREBER TR RR 4 0 s . 0
H7 k& ie o7 &40_ Ovmw. [
aES p j\‘é: £ 71:"0 9B o9 1173 1108 1113 fiajl 23 :‘ ¢ 98 o029 1173 1178 1113 1118 11723 -
IV RAMEDOBE TRELET B 8 A8
VEZTHABET 100~600ppm 11 aVRAMEBRBICES T EROBREEEL
< - 7 -7 % ZTRA o - 4L - o = n
Thot, VABEIITEMBRILEEINDIL %5 AURIAMOESMERE @ Eak 50 BE)
Db, IVRAMEBEOBERINE R (£4), o ﬁ&iE%(‘*EJr;ﬁzNﬁE
p - N 1:1
CORR . ERHSEEHED 12~20%D0E ——= — p—
=) =+ .0 ey}
I\ N _— N e —
iL\ ;cmk%‘ﬂn BT BT ARELTHRELEZZ preTreyy o P
DT
© pH 6.9 7.1
REIZAVHFAMRADRHERT, BE5EEE | 1.23mS/em 2.38mS/cm
BOD 35mg/g 58mg/g
k4 aURAMEBOERINE B 41.6% 41.7%
4 B AFE 5.5% 5.6%
R RR P+ BATS R = > °
a:1 =X 5.4% 5.3%
%2:;’ EE %‘%:i )& C/N 7.9 7.9
Hepe (AT 119g 85g kR 0.034mg/kg 0.059mg/kg
HeRe bt 104.6g 67.82 U 0.50mg/kg 0.71mg/kg
N HEAR 104g 99.4% 67g 98.8% BRI A Img/kg DL F Img/kg LT
- | 0397¢ | 038% ! 0004z | 0.14% - 230mg/kg 280mg/kg
N | B IR 0.162¢ | 0.15% { 0.058¢ | 0.086%
Ei 420mg/kg 1100mg/kg
TyEoTHER | 0.0465 1 0.044% | 0561g | 0.83% PO, 1% 7.0%
HEARIZ K 0.011g { 0.011% | 0.059% | 0.087% . 1% 0.9%
5 . .
HE(LRTROESE
B E = 87.9% 79.8% B 9.0mg/kg 24meg/ke
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4. 7 VAT AEEOYEIRE

BERBAEIMICHT 5, RVAT ASETOYHERZ A 121Z7T,

ERIBAE Im*(TS 90 kg/m®) i, 25 Nm*/m*~ZERDE I A(AF L HAEEE 67%. 600 kJ/m’-
ER) , 2R 100kg (B 7K 5 40kg, SREVE & 45ke) . LFR/K 0.80m*(SS 30~70 g/m’) 128z s LT,
AZ BB TII(HRT 15.4 B, 35°CINER) . EREHIRTOF Y (COD ZEIE) D61% D AF
HATERE N, 29% DB (BIR) L TREL:, BRI T ERIEATRTO T-N 6 kg/m*-
FERIZRTLUT, 3.2 kg (§7 53%) M FRANIERBRI N, AFEK 0.80m® ~DHEH &iX 0.18 kgl 3%)
THoT-, HiRB/KIZETIEER R &3 100g/m*- &R ThHo7,

BREESHE

Im®= AR 150 3
TS 90 kg/m*

CODe, 110 kg/m®
T-N 6 kg/m®

TS sikgm
&:> COD,, 90 kg m AR
T-N 4.8 kg/m 25\m/m* - R
AT 6T1%

EE 09w’

AH =T
ek i

‘ 1m’ §830g 'm
L ‘ SHALRR T
f’%’;‘f’*ﬂ TS 3kg rf.-y FHLF—ay
80kg, 240Yyhr 7 _l” ISS 1.6k m 2 oF
k5B 46ke e | N A TAY
BAEE 32kg : BT PUEEDIS
T-N 1.5kg KEER AR 0.80 m*
TS 30k o7 e 55 30~70g/m’
Sgen ] BT T-N 220g/m’
BIEs K |

=0 BiKER

100 ke  —— 123 kg
AK4rE  40kg K455 & 96keg
B FARKE 45kg BB 18kg

T-N 1.9kg

T-N 3.2kg

H12 BRERAICEBUECRTLOMERX

5. &%

(1) BEFRAEEE TR 2— 7V ALEL #EHHE (COD,, 9.0%. BOD 3.0%. TS 5.5%) it ¥
(&K 5T%., W 0.33) BBLNT, A/Va—TLAMBIZLED TS BrEFIT 8% TH o7,

Q) HEH KITER T CHOMN B REBERUSSEITUZ, FEHRD COD., BETOHREMEEIL,
ST%METAEE N . 20% B EH R, 14% D EOMBHEERY Th-o7,

(3) ERIEM DAY REENIRIT, HRT 15.4 B, 35°CHNRIZT 20~28m 1B LT A/ m - ¥EIT T A¥
VHRAEEH R 66~69% DL T ANRELNIZ,

(4) AZ L REBEHEDOA XL T —ar F 4y FAREBTIL, KR 20°CLL ETITLEEAK BOD 40~80mg/L.
SS 20~50mg/L. EEBREE 60~T0% M EHILTZ, — 7. ZKiR 20°CLLF T, BOD, SS #{Z ¥
300mg/L LLE. EREBREE 0% U Feipor-, LEADEE 3,000~3,500 E TH-72,

(5) AL REEEBRREOAFTTF—ar FavFiERIE EREAI) 2 — TV ALBLIZF—DAIY 2
—FL A TR T B EMTES, A FBEHIROBATIE, R~ EME 0.54% (X TSHIZT
47k E 77.5% DB BEIRE SS B 180mg/L DFLAKSEIB /LT,

(6) BRI HEBABIRIZ. MEFRESTAIET, KDABM AL T RAMET DIEN TEI

(7) BRE RIS 1m® (TS 90 kg/m?) . 25 Nm*/m’ - B RO {LH A (RAF L HAEHEET%) , 2 RA
F 100kg (7K 45 & 40 kg, #REME & 45kg) . ALK 0.80m” (SS 30~70 g/m’) iZERIEE T,
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