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Biogasification of Rice Straw by Anaerobic Co-digestion with Sewage Sludge

T T, MRS, EEHERY, TREEST, HEmE—
Shinobu SAITO*, Toshiya KOMATSU**, Shuji HIMENO**, Kyochei KUDO*** and Shoichi FUJITA**

ABSTRACT; Many existing anaerobic digesters in sewage treatment plants have surplus capacity because
they are operated at quite long retention times. Thus, anaerobic co-digestion of sewage sludge and other
biomass using existing digesters may be an attractive method for the efficient biogas recovery from biomass.
In this study, we focused on rice straw as unused resources and investigated the feasibility of anaerobic
co-digestion of sewage sludge and rice straw. As rice straw is too solid to feed directly in anaerobic digestion,
two pretreatment methods, physical ground and thermal pretreatment were examined. After pretreatment of
rice straw, mesophilic digesters were operated at various mixture ratios of rice straw to sewage sludge at
retention times of 30 days. The results were as follows; rice straw didn't have inhibitory effects on digestion of
sewage sludge and stable digestion was achieved in all conditions; in order to get methane conversion from
rice straw same as sewage sludge, mixture ratio of rice straw to sewage sludge was 1:0.5 in physical
pretreatment (5 mm) and 1:1 in thermal pretreatment (120 “C, 15 min); COD concentrations increased
whereas ammonia nitrogen concentrations decreased in the supernatant of digested sludge by feeding rice
straw.
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2.1.1. EBHE
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X, TS#1100%, VSITS#70.9, £ COD# 0.5 g-COD/gfb b TH T,
2.1.2. ¥BFGE

RN, S — I EROTUTo 2 EPRb L % 10 mm BEICYIBT L7218, ¥4 — L TH 5 mm (10000
rpm, 30FEE), BLU¥ 1mm (10000 rpm, 120 BVERE) ITHELT,
2.1.3. FHEHE

WFOBRE, BARZAVHEFARICE VML, BBL X7 ) 2 —HRICEEK 100 mL, L 7-Rgb
52 g (dry) ZIRAL, 36£1 C, 80 BISTHRE HH# LI, 1 BEIROMBIRD 1uym O AW TR
COD ZHEL, ZOXRNIL VBRROMEELTHEL 7=, 3EEREToEHELERERE LI,
214, ERLER

10 mm ICEHF L7cfib b DM E (66 mg-COD/g-fibS) LHBT 5L, 5mm T58%, 1 mm T 64 %R
DENBRONIZZEND, BRI > TROOBFIAMELEL 2B Z M0, LAL5mm & 1 mm %
B LGOI 4 %RETHY, ZOZ M55 mm K OHHEL THRERHRITBLNNEELD
Nz, 20O, ROBEGRIBESHRSMECERITIE, 5mm iTBRL-RbbEHWAZ & L LT,
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TR LRIED A7 MERENFONDIREHL & TABROBEHETFHE L,

221, RFE
R1 BREHELRED O OEGESHSIEHLERO IR
Run Sewage sludge T8 'R Total COD
:Rice straw (%) (%) { g/L)

Control-1 1:0 3.8 3.0 50.2
Runl-1 1:0.5 5.4 4.3 57.1
Run1-2 1:1 7.0 5.7 64.0
Runl-3 1:2 10. 1 8.5 77.8

F VICEBRRFIETT, EBL, 720 mL A 7OURE AV, BAERHE 300mL & Lz, ERITIE, E5RE
UTiHkiETe, BARE LS LTS (WRLETR L SRS TS ~—2 T I'1 OR#E5ER) %, EEOTK
AU HERER U TRV, F8do O I3aiE & R85 mm (29FE LT, EGISTROVBERT, pH 7.2, TS12%,
VS/TS 0.6, £ COD 11 g-COD/L, BREBROPMIMERILpH 5.5, TS 3.8 %, VSIS 0.8, £ COD 50 g-COD/L
ThHotz, EEOBRAFRITHERENTITY, BROSIRE LEEORAIL3 BIZ1EH, #30mL £5/k% - #



AL, EERIC B 30 B LEE LT, IHLIREIT 36x1 COEBIRIT S HBRHLE L, 80EI4STHR:
SHHR LTz, EBRR S — NECRRBIEOWLIETE 270 mL & & RFIOKE 30 mL #EH S—UHEHAL, T0O%
3HBXICEROBIKE - AR LI, S, A AVRARER, A ATAEER (R ¥, “BURER)
DRIE, BIEREIERIZOVWTpH, TS, VS, COD, 7oe=7HEH, Ak @R Yot B oflE:
fTof, FBRiL 60 b L 7, EBRFIL, BEHRERDLORARE TSHTRLZ 10, 105, 111, 1:2
IZFREL, %N Control-1, Runl-1, Runl-2, Runl-3 & L7z,
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K1z @ pH, ®b) TS, (& VS, @) ¥ AEEOEAEIETT,

EEHRRORRO pH L, HEMEMLICRT 2ER pHIRTH B 6.6~7.8 DPHEME®Y 2R bka), KEL
TEERUSE D Z L KR,

TS BXUVSII, WbLOESHOEMIENEN L~ ERoT, ZO7®), Runl-2 & Runl-3 Titi5kD
5k & OBRCER S 2B —ICRIT 2 Z L AREEL 20, FOBRTS BLUVS OBEMICITLoEMNE LK,
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AT, EERAECETOSENRONA, 2EMRE CRIBRRARR (<50mg/l) Liol,
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£2 BRERELICRD L OSBRSS EERITRT D ERINBO UK

Control-1{ Runl-1 Runl-2 Runl-3
pH (-) 7.10 7.10 6.97 6.97
S (%) 1.86 2.83 4,32 5.57
TS removal ( % ) 51.3 47.7 38.1 45,1
Vs (%) 1.16 2.00 3.30 4.40
VS removal (% ) 60.7 53.7 42.1 47.9
Total COD ( g/L ) 20.0 23.5 28.1 35.0
Total COD removal ( % ) 60. 2 58.9 56. 1 55.0
Soluble COD (g/L) 2.2 3.4 7.4 13.5
NH, N ( mg-N/L ) 822 843 863 962
Biogas production ( mL/3 days ) 558 650 697 815
Methane content (%) 63.0 61.0 61.8 54.8
Methane production ( mL/3 days ) 351 396 431 447

P THT,

R 3ITEFRIBICR B COD XX 2777, ARSI (Control-1) M A & AR 58 % THo-DIZH LT,
b0 A Z AT, BREERORA X VERERLTOV T 7 ¥ —CRELRELERE, 105 OEAK

(Runl-1) T58%, 1'l (Runl-2) T49%, 12 (Runl-3) T29 %L, WMEEHBRLHTLIMDLORE
HAS 1:0.5 TRIBED A ¥ VRBRRMELNA Z L3 oTc, TORENS, BIZRARZHEMIE, 20Tk
BRERIED A ¥ BB R B A TDIE, AEFEORE - EERLETHIZ L30holz,

#3 ERRRED COD X

Controi-1] Runl-1 Runl-2 Runl-3
Sewage Sludge 50.2 50.2 50.2 50.2
Substrate Rice Straw - 6.9 13.8 27.6
Total 50.2 57.1 64. 0 77.8
Soluble COD 2.2 3.4 7.4 13.5
After Digestion Solid COD 17.8 20. 1 20,7 21.5
Methane 29. 6 33.5 36. 4 37.7
Total 49.6 57.0 64.5 72.7
COD Recovery (%) 99 100 101 94
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312 RELER
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3.2.1. ERHE

# 4 ICFEBRRY BT, EBRIIRIE & FHRRI T o 7, IEEBROFIEMERIE, pH 7.2, TS 1.9 %, VS/TS 0.5,
4 COD 18 g-COD/L, MW#HSROVEIMERIE, pH 5.5, TS3.0%, VS/TS 0.8, £ COD 45 g-COD/L Th -7z,
EBFRINL, Control-2 & L TRMEEIENS., Run2-1 (2 5 mm MO L7 fEb b, Run2-2~2-412120°C-15
OB EHE LR 5, Run2-5 12 120 “C-60 3 OBYLE L L7-Fgdb 6% AV 7z, Run2-1, Run2-2, Run2-5
I3, BREHREFBDOOEAHE TS T 105 & L, iR 2B s TEEOSRETMT 2R E L,
Run2-2~2-4 i1, BEHEERLBHLLDOERESHEZ TSHTL05, 111, 112 L BkXE, SR LR LDRATR
REBEEFHET AR L LT

F4 BYBELHE LR D OERRIR SR EEBRO KBRS

Sewage sludge TS VS Total COD
Run ‘Rice straw (%) (%) (g/L) Pretreatment
Control-2 1:0 3.0 2.5 45. 1 —

Run2-1 1:0.5 4.5 3.8 51.6 ground (5 mm)
Run2-2 1:0.5 4.5 3.8 51.6
Run2-3 1:1 6.0 5.1 58. 2 120 °C - 15 min
Run2-4 1:2 9.0 7.7 71.3
Run2-5 1:0.5 4.5 3.8 51.6 120 °C - 60 min

322 MRBIUVEE

H3iz (a) pH, (b) #* ¥ 4R, () TS, (d) VS, (&) £COD, (f) ¥A#ECOD, (g TrE=THE
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BHOBIMEE VR 2 IR ER L, A ¥ AERDSHE SN 5 pH SIRITIE S8, SENEETORT A
FHADEERBIFCITON, 2D hh, SEERE LRAH THREE LIRSS B LN, Shi
BAREZHNEE AT, MEROCEBICE T, AFUEBIEESNDRESHDILELIOND, £z
Control-2 23 7.0 TEELZDIH L, Run2-1i36.9, Run2-2i36.7, Run2-5i365fHEs D, BULEKEHD
B - TR R AEPBR LT & 55, 120 CTIRERRIOEM bR SRR L UBERICED TH D
LEZ BN, TSEITVS, £ COD i3, Control-2 & L TR LB|ARIZETH O L YL ER >TSS,
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F5IEFRE 48 BLME) i) 2 bR E =T, BREERD TS REENLTORTRELEEL
TR EORRbLLO TS BERIL, BREER (Control-2) MERER 54 %Iz LT, 5 mm HFHOLTRAK 1:05

(Run2-1) ORHL AT %ThH 783, 120°C-15 5yOBAE T, BAHK 105 (Run2-2) T57%, 1)1 (Run2-3)
T62%, 12 (Run2-4) T64%, 120°C-60 OBYAH CIHESH 1:05 Run2-5) THI%Lieofz, ZOKR
26, FbLICBWER T = L2 X - T, FIXITEAH 1:0.5 D& Run2-2, Run2-5) T13 TS B #KiX Control
RO L5 HIEMT 2L 00, BRERCIIBESRU LOERELNE Z LR T,

#5 PUEEHE L7 RED b OEFERS HRMEHLERICET 5 ERREO T LA

Control-2] Run2-1 Run2-2 Run2-3 Run2-4 Run2-5
pH (-) 6.98 6.80 6.78 6.53 6. 40 6. 55
S (%) 1.36 2.16 2.01 2.50 3.52 1.98
TS removal (%) 54.6 51.9 55. 4 58.3 60.9 56.0
VS (%) 0. 87 1.52 1.39 1.78 2.35 1.37
VS removal (%) 65. 3 60. 2 63.6 65.3 69. 7 64. 1
Total COD ( g/L ) 13.6 18.3 17.7 23.2 3.1 17.9
Total COD removal ( % ) 69. 8 64. 5 65. 7 60. 1 56.3 65. 3
Soluble COD {(g/L) 0.71 1.68 1.59 2.62 3.61 1.68
NH,"~N ( mg-N/L ) 455 473 424 432 375 391
Biogas prodction ( mL/3 days ) 491 571 604 709 900 623
Methane content (% ) 65.7 61.1 61.7 58.8 54.3 62. 4
|Methane production ( mL/3 days ) 323 349 372 416 488 388

7 BBHRORBME LT, BEREORA O > THARME COD iEmW L1, 7o =THEER
BN L~ RBBEEBR LN, Zhid, Fboo CNHR 75 L@z, A LI-EOREROEIM
THERROEMID 2L, RBERAOHIMA VEREERI 2, BREOHBERNS Lot EERE XL
ha, ZOBRE, MFROBNELIa—Z T Y- RAWEERY 2, hoblo—2ARE (KE) #AVizA
Y URBEERY LBV THRHLNTWS, ZOZ LMD, BbODRAR, MEEBHBROT == THER
DARRRIZ A D FTREMEDS IR X T,

% 6 ICEFIRBIZIIT 5 COD X 2T, AT (Control-2) M A & LARMEN 60 % THDIIR LT,
BB A Z HRRNPETO ) 77 ¥ —TR% LGE LTDBFEOMb b D A ¥ VEReRiY, 5 mm ¥ CidiE
A1 105 Run2-1) T34%, 120C-15 2 TIHEAH 1:0.5 (Run2-2) T64%, 1'1 (Run2-3) TiX60%, 1:2

(Run2-4) T53%, %7-120°C-60 HTRAK 1:05 Run2-5) TiX85%& 721, Run2-3 DBULE - BREH S
HTTABRERMBEDA Z AR lpole, U EDOZ s, R (120 °C155) 12X 0¥ 5 mm) @
TR LD 2HTRENTREL 2D T LT,

#&6 EHRMED COD X

Control-2| Run2-1 Run2-2 Run2-3 Run2-4 Run2-5

Sewage Sludge 45,1 45.1 45.1 45.1 45.1 45.1

Substrate Rice Straw - 6.5 6.5 13. 1 26.2 6.5
Total 45,1 51.6 51.6 58. 2 71.3 51.6

Soluble COD 0.7 1.7 1.6 2.6 3.6 1.7

After Digestion Solid COD 12.9 16.6 16. 1 20.6 27.5 16. 2
Methane 27.2 29.5 31.4 35.1 41.2 32.8

Total 40. 8 47.8 49. 1 58. 3 72.3 50. 7

COD Recovery (%) 91 93 95 100 102 98

728, Run2-1 i3 Runl-1 & FREDORMETH 525, Runl-1 TOFEH - D X ¥ R 58 % & <, Run2-1
TiL 34% & MR VIEL T, ZOBERITH OHTITRNAS, BESERO TS BENIHOER TIL38% ThH-



DR L, AFEBRTILIO0% ThofZ bigl, EREOVMERD R L I TREMED 5 D,
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T ERMBIRLTOL SR 5,

1) ¥ (120 °C-154)) #HELEROOLOBAR, BEK 12 T TKSROBEIEMLICEETRLS, A
& AAEEOEABELN,

2) Wb o ERALISEOMY EBARORR Y LT, B COD MEMT 20ITHL, 7re=7THERS
I L7z,

3) B (120 C15%) 2HELERDLOTABRLASEOR ¥ RBEMELADRERII LI THY, B
e (bmm) OHLOFELHELTHRL LD 2HITREVFREL 125,

5. A%OEDE

ARG 5, b b2 RAHEHHIT 5 2 LI L > TR FNX BB LN 5 RN R S /oA, Fib
BESAA AT T D IDOBATTAE—L, FRUCLVBOND TRV —E B LT b~ 2 LT R F—/N
5 ADFTHESLETH D, E-FbbORSIREFREOHMIC LB L 570, REBREISERT S, LR
T, BB TR LSO 44 2 ABROBENMLELEZ b5, HERD Y Y1 7 o0, fégb
LERASLTWAEDZ VAR & LTORIEEEIIN BT 5 B2 00570, THORREORBELFET S,
FE7-Fob HDRAEI X - THILBRPOEME COD 2383 5238, Z A&k oEERO COD RE M
RHAEEMEN R, T OBBERS AMERRICEREL RIS RVORNBKELEL OGRS,

AR TIIA— b7 L—T OMRED T, BUBREORKRFNY 1200CE T L To T, BiZER -
BIEDELET T, BRCROL2MASMREEA T L LARETH DD, SHEICHILEORNOLERH D,
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