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Cogeneration through the processing of Domestic Kitchen Waste and
Night Soil Sludge in a Full-scale Sludge Treatment Plant

by Yutaka YONEYAMA, Katsuhiro TAKENO, Kikuo SHIMIZU, Tatsuo NAITO, Fumio ITAGAKI, Yoshimitsu YASUHARA,
& Mutsuo NAKADA

A sludge recycling and treatment center that makes use of thermophilic methane fermentation from domestic kitchen waste and night
soil sludge started operation in Japan in 2000. The characteristics of the raw material (night soil sludge, domestic kitchen waste), the
performance of methane fermentation, the effect of recycle flow on the water treatment system and the cogeneration of electric power
has been studied by collecting methane fermentation data for two years. During this periods, stable methane fermentation performance
was achieved. The highest electrical power generation by methane gas was 2,243 kWh/day. This was equivalent to about 15.3% of the
power consumed at the entire sludge treatment plant. Due to the return water flow from the methane fermentation process, the
BOD/Kj-N of the activated sludge influent water was lower compared to when there is no recycle flow. Therefore, there was a tenden-
cy for the amount of methanol charged into the secondary denitrificatin tank to increase. However, the cost of this consumed methanol
was small compared to the total running costs. Results indicate that is possible to implement a full-scale treatment plant that makes

practical use of organic waste.
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Fig. 1 Flow sheet of Sludge Pretreatment Center
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Table 1 Characteristics of thickened night soil sludge and
domestic kitchen waste

LIRRIGR 4T A
Thickened night soil sludge| Domestic kitchen waste
i Ty L P
Range Average Range Average
pH (=) 47~179 6.6 40~59 45
TS (g/D) 56~ 112 80 77~ 207 141
VTS  (g/D 43~90 63 62~ 184 118
CODcr (g/l)| 59~139 98 107 ~ 348 193
S-CODcr (g/1) 05~72 24 12~111 83
NH,N (g/D)| 001~148 0.22 0.27 ~ 1.60 0.77
KiN (g/D)| 317~637 4.35 2.38~1747 5.14
PO,P (g/1) | 0.001~0.089 0.011 0.28 ~ 1.60 0.69

S-COScr : #f#ECODer (10 uA ¥ 7L ¥ 7 4 M F I L B AHEK)
soluble CODcr (filtrated by 1.0 xu membrane filter)

5 LIRARTGIEIE TSHRIESO g/l, VTSHRIEG63 g/1,
CODcri&J#98 g/l, S-CODcri&E 2.4g/1, NH,-N j&E
022 g/l, Kj-Ni#[¥4.35 g/l, POAPIEEE0011 g/ITH 5o
F72, BHTHITTSIEEE 141 g/1, VTSEE118 g/l,
CODcrif# 193 g/l, S-CODcri&f83 g/l, NH,-Nj&ps
0.77 g/l, Kj-NiEJE514 g/l, POPiERE0.69 g/l TH 5o
T HROEEMBEE L URRFGROK 2 TH - 720
LIRARTHRE LS AOMBMEOH G 2R 2187,
COF— %13 20014E2 H~ 11 A ORI 4 15547 L 723F
WETH B, LIRRIGIRD TSIHEETS g/IIZx§ 5 %M
oG, EEW22%, RKIEW30%, 72AELKH
35%, BE12%, TOM1%TH -7 ZOMITILEE,
FElR, 70t Y Re EOARKREZATYS, LIRAR
HRIZFEE COMRIER 2 THT, HIERX & ¥ FEEIC
A L7720 R O E B 13K - 726

A TH D TSUREE 142 g/LIxTT 2 5B OE G LR
W19%, WKW 22%, 72A XL E20%, NRE12%,
ZFOM27%TH o720 FDOMOEEHFENDITET A
WYy N CHRIRERAEAR, MR FRE LAY
ZLEENTVD720THbD, Leh>T, BHoED
HROWHEE G L RS LR OE G o T
W, T HDCODer H, #50 % DN IEIRTEWHE o S-
CODcr TS-CODcr H#9 50 % S 7L, BERE e & O bRk
DTV,
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AVTSER P RA Y VA RAEEROEAEZRSITRT
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Etc (VFA)
o JRE
Ll])ld
H m 72AECH
Mo m Protein
AL
120 H Carbohydrate
TERAL A9

Inorganic compound

160

TSR (g/1)
concentration

LR Sampl HETH
Night soil sludge ample Domestic kitchen waste

TS 78 g/l TS 142 g/1

2 LUIRRTGIR LA S A O HE
Fig. 2 Composition of night soil sludge and
domestic kitchen waste
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Fig. 3 Profile of methane fermentation
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E#Ez25N5, 2000411 A~ 20014 1 H O IR A A
A= F WD IzD A AmPEATETH > 7275, AR
Lol LTSRS,

2001 4E4A H 2513 A2 7 ¥ A A5 E1230000 m®/ A
(1000 m*/d) RIfRICHEIL 720 & OfERIGETHABEA
I EXIE LT,
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A TR LIRRIGRIZHART A ¥ VR CTOHEEY 5

®2 Xy ERLETERE CPR)

Table 2 Methane fermentation performance (average)

1 Wi 2
2000410 H~ 200146 A | 20014F7 H~ 200243 A
Periodl Oct.00~ Jun.01 | Period2 Jul.01 ~Mar.02

VTS £t (kg/m®-d)

VTS load 36 42
CODcr &t (kg/m*-d)
CODer load 64 72
LIRAHREAR (m?/d) 37 39
Night soil sludge
TR (m*/d)
Domestic kitchen waste 32 67
e H L (d)
HRT 22 19
<o - 3
X?/i]l%‘é.ii (m®/d) 776 1000
Gas production rate
o o
Ay AR (v/v%) 60 60

Methane gas concentration

JEKFEA | BKHEL | JFUKTRA | LKL

In Out In Out

PH (=) - 77 - 7.8
- 1

ﬁﬂﬂfyﬁ - 4 - 10
TS (g/D) 83 48 94 52
VTS (g/D) 66 34 75 36
CODcr (g/D) 98 53 115 56
S-CODcr (g/D) 9.0 6.0 164 7.3
NH,-N (g/D) 0.3 15 0.3 20
gfﬁ%f @bl 4 25 42 22
EeR g (g/? H’Fﬁ?) _ 09 _ 13
VFA (g/l as acetic acid)

fERdmE L, AY YA ARERIISEL kDb, £2T, A
& VR O %25 L 72 20004FE 10 H DT, R Zadk
AmDOA W (20004E 10 H~20014E6 H @ LLTF
Ml-1&539) LAETHAEARDOSL VIR (200147 1
~20024E3H t LUFHIM -2 &509) o0 TAY U5
BB R Z £ L D72 RRER2ITRT,

WM - 1 TG R AR ST m*/d, ETAFAESI2
m®/d, VTSHE#;3.6kg/ (m®-d), ¥ HE22HOEMT
JEKD VTSHEEE 66 g/IIhf L, WIKD VTSHEE 34
g/l, VTSKRZEFA8LTH Y, HASAERET66 m’/d T
Holze FMHKDS-CODCritfE6 g/l, VFEA R
0.9 g/l (asCODcr), NH,NEEE15 g/ITH o 720

WM - 2 TIZEREARS32 mP/d, ETHEARGT
m®/d, VTSEM42 kg/ (m*-d), #HEH19H D%t
TIEAKD VTSIEETS g/IIZxt L, MLBKD VTSHEERE 36
g/l, VISKrEHES24%TH Y, A AFKAERK1000 m/d
Thotze F72BAKDS-CODer7.3 g/l, VEAEE13
g/l (asCODecr), NH NiEEE20 g/l TH 720

W 2 T % &, LRRIGRHEARIIFA L TH S
A, AETHABEARIIHIE - 2138l Twd, 2ok
A AGE R D I — 203 — 1S HTR L3 RS LB hn
LTWb, —J, A¥ UREBUHKKEE T, LBK
S-CODcr i, VFA JEE I MR IEIZE U2 R LT
Wbo 77, FUKONHNEEIZ03 g/IIck L, WM
KONHNIEEIZ LS5 g/175 20 g/l DFPHTEIL L 72,

T2, ETHBABOLWIIICBWT, A5 V5
WUBR K NH,-N 2 122.0 g/l L BB L Twv %28,
55 COEMLA ¥ VIREWUE O 7 »E =7 %L pH7 ~
8, NHNi&JE25 g/i530 g/IUETRIESbh
TWBIEENY, K75V MEETIET Y BT HE
BhhozdbDlEZzONb, ZOXHICH2FEM % E
CZE L7z X & VR 5T WvW b,
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BALTAY VREESND 20, LIRRHR, £ITA
e DXy 2RI TOEERM I REL KDDL Z L1k
WCTH s, 22T, FHOEEBWARRICEDD L
WRGREkO AW (VTS, CODcer) HAfifOE &L
HEYW (VTS, CODcr) A% ¥ HARAEEDBBRIZD
WTEEHLL 72,

LIRRTFHIRD 58 5 VTS At O E 4 & VTS 53 FE D
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Fig. 4 Correlation between ratio of VTS load of night soil sludge
to total VTS load ratio and VTS decomposition rate
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K6 LIRAGIRD LSS CODer B OE4 L
A Z I AFEROMGR
Fig. 6 Correlation between ratio of CODcr load of night soil
sludge to total CODcr load ratio and methane
production rate based on CODcr

065
06 <+ . .
- M K3 LIRRGIROD A & ¥ HHRE L O A RAEROYEE
g 0% Awk r Table 3 Estimation of methane fermentation decomposition
@é 05 A and gas production rate of night soil sludge
kS 2 ® o L, .
8 g 045 LR ARG
S 3 * 'S 'S N Night soil sludge
é‘j 04 y2: —0.40x +0.81 . VTS ﬁ‘ﬁzf:ﬁl ( _ )
R*=051
S o3 2 VTS decomposition rate 044
0.3 L L L CODcr ﬁ‘ﬁ@% (7 ) 0.40
060 0.70 030 090 1.00 CODcr decomposition rate )
LIRAIHIED ik 3 % CODer fi Dl & H ARG = (-)
CODcr load of night soil sludge/total CODcr load (—) Gas production rate based on CODer 0.30

K5 LIRARGRD S5 CODer B OE4 &
A Z VI AFERO MR
Fig. 5 Correlation between ratio of CODcr load of night soil sludge
to total CODcr load ratio and CODcr decomposition rate
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REDRELL D) GO EMIZ ATy V7T
Y MERICHARS LR RN D OO WEER L T,
4-4 KUEBIZRIFTERKDOEZE

HTHIERA Y R THE M ORI X Y VA
WA I N D I, 72 AX KO0, NHNO
W% %), A5 VRELILR DR GEKDKALERIZ
WAT S E, KUHADOBOD/NIIFEKL 25, 22T
X, HTABARDEL L o7 -2 (200147 H ~
200243 H) DA 5 Y EEWED D ORGLK O ARMBN KT
EIZOWTHRE L7z,

4-4-1 FKLIBJEIKMEIR &RFRAK MR RO HURAK PR
ULIRRHEK E X & 2 SEREALER O R GRPEIR, K AL
JERMEAR & e O K IR 2 R 4R T F 72, JKLERL
JFAKHFEDBOD, EEO LIRHEKE X5 VFEEEN S DR
TMAKDEEEZRTITRT,

L IRHEK D BOD 5 2260 mg/I, Kj-NitEE 840 mg/l,
ALV FEEELILR A & DR K O BOD i EE 460 mg/I,
Kj-Ni#s 630 mg/l TH 5. &itAH®BOD K UKj-N
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4 HIOKT (200147 A~ 200243 )

Table 4 Characteristics in the post-treatment Iﬁm Iﬁb"
(July 2001 ~ March 2002) oy
[ l— Methanol 1299 kg-BOD/d
Ay FSEE
LIRFEK | LB 5 0> | JRALEIE K | SR ok —_—
[ ;
i ' ' DN | AT |DN2 |ReAT|—> [ AC |—» Effuent
Nicht soil Recycle flow | Raw wastewater Final 10 ke N/d
s from methane | for activated AR
wastewater . effluent
fermentation sludge Influent
- kg/d]
Q  (m¥d) 311 113 424 416 E(_’E :kg/d: ;22 R l
J- g Excess
SS (mg/ | 3500 870 2800 <1 NN ke 210 sludge [53keN/d
BOD  (mg/D) 2260 460 1780 1.0 BOD/Kj-N (-)| 23
; BOD/NH-N (-)| 35
Kj-N  (mg/l) 840 630 790 -
DN : fi# %4 Denitrification tank AT : fifftA# Nitrification tank

NHN (mg/2) 480 570 510 <1 DN2 : #52[Bi 2% Secondary denitrification tank
NOx-N (mg/l) _ _ _ 2.6 ReAT : FFBEXUHT Reaeration tank  AC ! {fifkjik#% Activated carbon column
PO/P (mg/l) 40.2 85 318 1.8

i B LJRHEK
Kj-N Night soil wastewater
O X %V 5RED S DIRGK
Recycle flow
BOD 75%

0 100 200 300 400 500 600 700 800

kg/d

7 KUHFKHFOBOD, #EHFEOLIRPEKE
A Y Y EERED S ORGAKDE G
Fig. 7 Influent BOD and Kj-N

DEEIZWBE KIS LTENREN, 75% K T21%T
H Y, BODIZH~RFEAKIC L D EFROAMEEIE W
2D > 720 L7zA5> T, BOD/NL (750/330 = 2.3)
JORGEAR % &F e (700/260 = 2.7) 1ZHARTEL
ToTWwWh, TO720, KIMLEIZBWTEYFIMHER
WILZ AT 1T, BODEAARRE LB 2HERMTO X
¥ ) —IWHEENE L hoTe LAL, &koT =V
FAAPMIEDDLAY ) —VEBIAMNI2%TH Y,
ERAKDFTANZ L B A Y 7 — VTHE OBk T 2
MADEEIDLTHITH - 720

AMEFE AR (LIRPEK L BFRAKDRE LD D) X
SS#EEE 2800 mg/l, BOD#EE 1780 mg/l, Kj-NiE
790 mg/l, NH,-Ni%E510 mg/l2x L, HRBiKD
SSiEEE1 mg/ILLT, BOD#EEE1.0 mg/l, NH-NHEE1
mg/ILLTF, NOx-Ni%EE246 mg/l Tdh Do ARWH iR D
T-NURFEEIZ25 mg/ITH Y, EHRWUHEEMEIIG T
HE2MBMTORXY ) — ViAW L EiEET->TH
D, BEIGEWERLIKEF RSN TS,

8 WILKDD LG A OWEEHIRLIIZ B 1) 2 R
(20014F7 H~20024E3 H)
Fig. 8 Mass balance of nitrogen for activated sludge in
case of recycle flow (July 2001 ~March 2002)

4-4-2 SEMTERLEICE T HERINE

A Y EEED D ORFBARIRET 52 LT, HHEHIR
M COEFMIEEL RIZTL T2 052 H o »I0T
572012, BRICLOMAMEZ KDz, B8IZIHMETHIE
TutAIBIFLERINLERT . A T-N333 kg/d
WL, AHKT-NIO kg/dTH Y, 97%LL LOEFEMN
RHNTHREIN TV S, HHHRLITOEEREON
Refze, HIREMTIT0 kg-N/d, H2BhigEHT
100 kg-N/d, AFHIRTS3 ke-N/dLH S, 55205i%
WTRAY 7 —IH299 kg/diHBE SN TS, RENHIR
ELTHE S N8 HR G v RN T2 ERE =
270 kg/dTH» ), BOD/NItix (754 +299) /270 = 3.9
ThHolro MERICLEZ BOD/NILIZBE RN IZIE
286" EEbNTWDHA, LRI IZIZSSTEBOD
WANEEFNTVDEZ LR EEEET D LT EEITZ
BRHEEZOLND,

4-5 HARBICLD I xJILX—EN

KTF 2 FTREAY VIR TIAELIZAY VT A%
it r AR B CTERAT AN F—IZER LT b, &
AISEREIL 200 KWDDL DT, FERAY VA AEIED
WA T4 —E VR ) B THREELIT- T
Who T, AV UREEEONMRT AVF—IIRHEICL
LRETHIEZTCVD, HTLDOHNARE, 74—+
VAR ZR9IZRT . 200045 H ~ 20014E2 H o
ME AT VIREERE S DR 7 ¥ HAGFERN Doz
728, A AFEER500~1000 kWh/d TH - 720 20014
3HUIBEIZ A A S8 ER13 1500 ~2200 kWh/d & 7% ) #)2
RS L 720 SNIEETAZREDEARMPIZ X 5 ~
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3500 O 71 — ¥ )V5HE Diesel generation
W A3 Gas generation

3000

2500

2000
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1000

m
L.
Electrical power generation (kWh/d)

E9 AZLlorxs®E, 74 —EIIEEIRN
Fig. 9 Monthly changes in electrical power generation

HAGEREDWIM L 72720 TH b, ZOR LY 7 A%
BEEITA—EVEERLIVZLD, FTAREROR
BHEICHD2EEIZ10%D LAY, RK15.3%
(2001411 H) 1Z#E L 72,

ARG UHAREREDE 722001 4E11 H 120 ~11 A
26 D 2B DT — % #R10I2R"Y . LIRER, £Z
AD X E VIR ANOB NEHERICIE R WD, A5
HAFEREIZIRY, TAFEE,S T4 —ENVIEEIYY
BboTwh, 11A15H, 1116 H KX 11 A22HIC
I H AFEERE 3000 kWh L EA RS, #ASEOKE
MB100% & o720 TOFER, BNEHERERO 2% %
Wio 2 enTE,

TOEHIT, A UFRBIK BT AV F — RIS NET
WAThbh, AR (LRRIGREETHR) OFR)
FIHASURE L 2 o 720

5. bW IC

LRI & A A% MBI L7 iG R v ¥
— BT B EA 5 IR A O 2 4 8 O ifinf
RS TORHEIE L,

(1) LIRARIGIEHEIRIE TS#2EE8 0g/1, VTSHEEE63 g/1,
CODcriE98 g/I, S-CODcri%fE24 g/l, NH,-Ni%
F£0.22 g/, Kj-NigEE435 g/ITH Y, A ITAMERIE
TS 141 g/1, VTSiEE 118 g/I, CODcrigkE 193
g/l, S-CODcri%fE83 g/l, NH,-Ni&REE0.765 g/, Kj-
NigEES14 g/l ThHh o720 ATHIIEFRLE Y MIBWw
THERBEDSHELTT 5720, L R E L72AKEED
WD 1/4% 5o Twiz,

(2) A F VBB O 5E L 72 20004F 10 H LABE T, 2

O4: & Domestic kitchen waste
70 n B LRAFHI Night soil sludge

A
Input
(m3/d)

’ 0 51 —¥NV3EHE Diesel generation
{ B 5 A% Gas generation

3500

3000

2500

(kWh/d)
-
g 8
s 3

1000

T
o
Electrical power generation

SR/ 2R
Ratio of generation/
total consumed

electrical power (—)
=3
5
L

1

>
AR
SR

NGNS W »
\ s \ | \ s | RN
NN N NN N MENIGNNEN

X10 FEEOZIL (2001411 H12H~25H)
Fig. 10 Time course of electrical power generation
(12th ~ 25th November 2001)

THBEAROL VM - 1 L ETAEARDOL W
Bl — 21207 TX 7 YRR 2 T L2t 2
B, ALY VA AGEREIGHIH - 2130 - 112X T
F13CHIM L 720 A &V F8EELELK D S-CODer i
B, VEAREIZMBIMIZIZF UMEZRLTBY, 2
EMZME URE LT X Y VIR AL AT 5 7z,

(3) AW AMNEICE® 2 LIRRIGIREEOA Y
(VTS, CODcr) B DEIG & AR SR R ¥
Y HAREROPRIC OV THRE LR, URRE
ROEEHE L 7 DITHE, AW (VTS, CODer)
SRR o7z LIRTGIRD X & ¥ RRLE T O
ERW O MEZRE LA, AW S HERIZ
VTS T044, CODcrT04, X% ¥ H A4 T0.30
ThHo7

(4) HTHBEARDL VIR - 2120V T, KALFLRAN
DAY VHFMHRORFEKOEEEZMGT L2
%, BHAKDOEEIEIBOD T7.5%, Ki-NT21%Td
D, BOD/NItix23 GREDGBWIEE27) THY,
WA R WG IR TR o Tz, TDD%E
HBEFORX Y J — VikMED» % hofze LL
A5 ) — VHEIRIZ &Moo 3 2 M) S A D LB
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