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A Study of the Two Phase Anaerobic Digestion Process
as a Sewage and Wastewater Treatment Method

Yuzo INOUE, Keiichi Kovyama and Takayuki MATSUO
(Received September 30, 1982)

Abstract

To clarify the possibilities of treating actual sewage and wastewater with a two phase
anaerobic digestion (TPAD) process, a series of laboratory scale experiments were carried
out with synthetic wastewater using starch and skim milk.

The TPAD process consists of an acid fermentation reactor (AFR) with sludge recircula-
tion, first sedimentation tank, a methane fermention reactor (MFR) which is a fixed bed
biofilm reactor packed with honey comb type packed material, and second sedimentation
tank lined in a series.

The process was operated at loading rate of 0.15 to 0.4 kg-Carbon/m?/d (0.5 to 1.4 in
AFR, 0.2 to 0.6 in MFR) and at 38 C. The production ratic of the total volatile fatty acids
(TVFA) was nearly constant, independent of the loading rates and was achieved at 54% to
57% in AFR. But the proportion of each VFA was dependent upon them. 309 of the organic
matter fed in AFR was removed, while 95 to 97% in MFR was removed. Most of these were
decomposed to CH, and CO,. Consequently 909 of the fed organic matter was exchanged into
gaseous matters. It was found that the performance of the TPAD process is more attractive
for dissolved organic matter than that of the aerobic treatment process such as an activated
sludge process. The TPAD process could remove over 99.0% dissolved organic carbon (DOC)
and could remove over 99.99% dissolved BOD. Effluent quality showed DOC less than 10mg/
1 as well as BOD. It was also shown that the TPAD process could be operated without any
excess sludge production over the entire experiment periods.
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Fig-1 \c SEBge g 2 R4, WAL, MEME 550 RUN Ina5048), #5k
Fl12.82, 1 (S) J‘octU 52 (S2) /)LKZP“‘ (2.6 LTHDH, FNTNOMRRL, HToEE
Gl L8852 L DT , EHLOBBMEVHEEL 2L D TH S, MF R@ﬁufmow;di 10
¢/min. (Zef@EEE 0.7 m/min.), FEHEAs (Honey Comb) (3, &/ L£%; 13mm, &8, 0.57X107?
m®, EEH, 1.76 m* Th b,

1: Feed tank, 2 : Acid fermentation tank, 3 : st
sedimentation tank, 4 : Methane fermentation
tank, 5 : 2nd sedimentation tank, 6, 7 : Level cont-
roller, 8 : Temperature controller, 9 : Sludge return,
10 : Recirculation pump, 11 : Packed material, 12 :
Effluent, 13, 14 : to gas holder, P : tubing pump, M :
Motor for mixing and sludge scraping.

Fig. 1 Schematic diagram of the two phase anaerobic digestion process.
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Table 1. Composition of synthetic waste water

Constituent mg/ L RUNI-M RUNVI
Starch 2,500 1,250
Skim milk 2,500 1,250
FeC13~6HzO 25 25
K H,PO, 200 200
Na,HPO, 600 600
NH.Cl 10% 10
TOC 1,770 950
BOD 5,120 -
Kjeldahl-N 110** 62
Organic-N(sol.) 35 20
NHi{-N 11 12

*RUN I:no addition
**RUN 1:95 mg/ ¢

Table 2. Loading rate conditions used in the two phase
anaerobic digestion process

RUN No, Flow rate Volumetric loading rate(Kg Carbon/m*/d) lsglgi?ge ?;‘gg
ml/d AFR MER Total MFR(Kg Carbon/m?*/d)
1 1,500 0.54 0.20 0.15 0.95
11 2,990 1.09 0.44 0.31 2.09
1 4,150 1.36 0.55 0.39 2.62
v 3,920 0.68 (.28 0.20 1.36
4, HREEE

Fig-2 (IcRUN I, I, MIBLUIVOERERT, 277 LRUN IVic2wTlE, EFIRED
BONBHENCHEZ T » 220, BROBIETLHLT, FLLTURLL,

ERSEBEERIE TI3, FHICK L ToH 254.3~4 5 D@HICH - THdie D A F 2 HEREN, 3B
EA AR EHEL 45~50%1c bEL 72 (Table3), 7 AnZAE®IZ, AFR, MFRE L2
137 4 — F3INEEDE (AR I LTy 247, CH, &FRIIE, TP HHLPT 5,
RUN [ ~IIRENEHTIE, AFRICBWTLAHE (Total Volatile Fatty Acids: TV
FA) BBV RATHI L4, £F#H%E (Total Organic Carbon : TOC) » 13—
mﬁ totze AF RTHERS L HERMARNE (Volatile Fatty Acid : VF A, H#EE & [3%)

I, BEAEEEN T 2AENLEDT, pH4.3~4.5 THRALZEEKE, MFRTIZ6.8~7.0F
’C“La@?‘é MU TAEMIPKRELL L BIIEAFRBIUMFRO NHY - NBEZ KL TS
(Kjeldahl—N & F—MEm %R 9), BHEKPAVE ABEIZ, 1T A ¥ 10mg/iLUF T, ## %
BWT7 o BUEAVEFAIRZL mg/llTTh-72, (e??l’f@%m (Dissolved Organic
Carbon: DOC)i3 10mg/L &%V, W CRIFLNKE LR LIz, TOCIT 10~100mg/L & %
N, WA EY (Suspended Solids © S S) DBEFHICHEYRH L Z L ATRENT,

4—1 AFRIEBU»BREOESISE 7 XM

FH LV 2BAMENLS AT 408, BIEEHBE 2 7 AR BT T 5 AT
LTIE 7, BB B THREEREE L HEICL > THBERS R L, 47 VAR
BEORERICETETEL LI UL AT LTH D, £ T B LI & - TEHHEBENTERE LK
RS ENT A F gL, BEWEPOKESEIREIL, L)EBIEV~Lomey
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Fig. 2 Performance of the two phase anaerobic digestion process.
Kies ; Triangle and Square : acid fermentation reactor, Circle : methave fermentation
reactor
O : TOC, @ : DOC, hlw : Total volatile acid,
AO : NHEN, A : Kjeldahl-N, (1@
[Z]@ . Gas producaitn rate.

Table 3. Gas component ratio producted in the acid fermentation
reactor and the methane fermentation reactor (%)

AFR MFR
CO. CH, O, N. CO. CH, 0. N
1 43.5  50.3 1.0 5.2 33.4 64.9 0.5 1.2
I 46.3  46.9 0.5 8.3 34.9 63.9 0.2 1.0
il 50.9 445 0.5 4.0 35.9 62.7 0.4 1.0

RUN No.

F A D EHBINT 5,

PH2 G O0LITTR A S ERIZFHL CIETL, 50Tk b & BRI NV &2
HD ZTDY, FORMGFMHICBCTL 7 4 — FENTHEBRRESN TR (A5 K
O 14%) A > (Table?) o554 Uiz, AR L0 A 5 o ERIE, #30%0 k&I &
DAL BTG, B DT0RDEEEED A FNELBBEL Twb 2 ML NTWBEY, AFR
W BB A7 g, BEELKERRCL 20 L Bbn, BEEHRE B4, pHA 5 LT
THTCHAZ U EREIBEETE L (HDEEZDL ) L EMTHIETE 5 2 7 L ilid T
FETH) 2R LTw5b, Mclnerney%® 1 Cohen? 718 L T2 L )iz, £ Z V4K
T & 2 KREME I, BEMMLSICB O TIEBO TEETH Y, ROKESEIZ L » Tk
1y 2e & DAY O AR AZIEL 2D, H2nWiEd7 v BU EOREHAVEFA
AH,-producing acetogenic bacteria |2 & - Tk, BB LU/ H 5T TEMERBRICHOTBE
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NARmICHE 52, ERENE2E&2DVE Table 4. Proportion of each fermented
product and yield coefficient in

ADEIEL BT L nEEZ LD, the acid fermentation reactor*(%)
AFRIZBU 24KV EFADMERE L UHk RUN No. 1 1 it}
#ls, MFREBGHY plcin CREL 7 7 B0 sgi 52? 523
C . . .
78 —rirhH, Tabled iR ENTVFAD HPr 71 49 9 3
HEERT, B LWL T LI, @FBE  iso-HBu 3.9 3.1 2.3
(TVFA) @ 55~62% % B isxr T Y, n-HBu 16.0 15.9 20.6
v - 1 TR T 50 ~ o o iso-HVa 1.6 1.6 2.1
Kic n-BE B (16~20%), n-4 7o > 8 S HVa Ls L8 0o
(10"’17%) ﬁ’ﬁﬁi< ° TV FAV) 86"‘92%% Z n-HCa 11.2 10.4 16.6
NHEDVFEASEHL, 72, n-BEEE L n-%  TEPC**/Feed TOC  53.9 53.8 57.4
7oL Eld, BRIENT LI onT, Fos TFP-C/DOC 81.9 83.9 85.8

B T 2%, 0 70 oF o B B * éalib\(;ilues were calculated based on organic

LTwWwa(7~2%). —F)%, RUN IVTiz7 ** TFP-C: Total fermented products expressed
as organic carbon
oA BoEEEnL e (28%), AR HAc : acetic acid, HPr : propionic acid, HBu
LoT, RNOKESESRES D 2 & HTHE foutylic ackt g erie acid,
N, o TERINEVFADEISICEDEL D ZENHELZLNLY, EXEHLIAFRIC
BYWTLEDZ ER LI w7z, L Lihh, TOADAERSIZRUN 1 ;53.9%, RU
N 1I:53.7%, RUN HI.59.8% X3 T—Enfliz R L7z, 222RUN IVTL 57 4% 0%
BEEDR 6 iz, ZfiE, Glucose # M—3EH & | 7 Chemostat (F5iREHED L7 T+ 2)
12 & BEESSEERE D 455 ML 53%™ EERREEIC L > T b, L Las'sh, ZTHIFAFRICE
W, RS LDAF U EESEB T EWnE W IHIRECE DV LD TH-T, £ Tk
WA, VEFASEREREICENTZ2THS ),

4—2 FHHRSE - HERETOWNET O ACBT 5D RSN

ZINENDEMGEMHIC BT 2 EFHERETCOWEN L% 2 ), AF R TOEEREIZ DWW TEL
9%, Table-, izt FifHp & ERNFEE2RY, TableSH» 5 AFRICBWTIL, KHE
DEIBERA O3RFEEEITIEL T B e b, RENT Y A LIF—IRER L AL T L AHE
Hhn s, Table-6 (2R L8 HE T 2 TlE, B L2 0 BRNADEZOERHIBH LN b, 4
FEOPEED LE 2 C, REBPEROKRHESHIRNCERT 2InEE2Z LN, EFEPLicLT
AbEEFREBEALTICRER: bbb, SHIZAFRD pH #74.3~4.5 v T, 2%
LINTHOEREOFEAGEL, EEEOBE - EMAED, o THREmL LR TE
ey, BT sinllbins, UEnZ ths, AFRICBWTENHE DS R
B EMHEMA NG, FICRLALDIE, RUN 1 T738% L4 NHi— NS HEITL T8
55, RUN I, Mich- TUIT LA GBI ENTwL v, UL, MFRTIREREILE
EICGHEN, BB -2, AFR2SLOMEF RADHERZITEQENTRENIZ &
Wb EBbnd, fe-C, EBHEZNEL CHMT 21203, BEFRE T WE )% pH CAFR
BT LUBEFD L EEDbNS,

MFRiZBWTE, REBLIUCEHRICOCTWER S SN TE Y, 1JITEFRELELTEY
"2 BZ b5,

KIZWA L7 TOCOEAEE 7 0 2 2 2 WEIN 555875, AFRICIRAL Z2EEMIL,
TOAETE, BWICIZEALERLECTOCTH 24~-30%%58Nn 5, MFRICOWT L [EkEE
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Table 5. Carbon mass balance of the acid fermentation reactor and the
methane fermentation reactor

Reactor RUN  Input C Output C mg/ ¢ Recovery re}noo(\;al
No. mg/t €O, CH, IC  TOC Toalyeld % o
1 105 122 95 1,322 1,645 93.0  25.3
AFR i 1,770 119 114 81 1,342 1,656 93.7  24.1
il 136 119 107 1,298 1,659 93.9  30.5
I 1,417 397 772 178 30 1,377 97.2  97.7
MFR I 1,423 398 728 212 66 1,404 98.7  95.1

I 1,405 397 691 215 61 1,362 96.9 95.3

The results are expressed as mgC/¢ influent. Total yield is a total amount
of carbon in gas and effluent in each reactor. The recovery is a ratio of
the total yield to the amount of carbon in the influent of each reactor.

Table 6. Nitrogen mass balance of the acid fermentation reacter and the
methane fermentation reactor

RUN Input N mg/ ¢ Output N mg/ ¢  Recovery Organic-N

decomposition

Reactor No. "NH3N  T.N* NN TN % Senameoy
I 0 99 36 7 1.9 381
AFR I 12 109 9 7 66.0 0
m 1 107 9 62 54.1 8.3
I o1 91 133 100
MFR 1 68 74 106 66.0
m 64 67 105 59.9

* T-N ! Analysis by Kjeldahl method, NH?—N and Organic N.

Table 7. Gasification rates of the two phase anaorobic digestion process*
RUN No 1 I I
Reactor  CO, CH, Total CO. CH, Total CO. CH, Total
AFR  11.4 6.9 18.3 11.3 6.5 17.8 13.7 6.7 20.4
MFR  36.3 58.4 94.7 39.4 54.3 93.7 38.8 53.2 92.0
Total  38.4 50.5 89.0 41.2 47.6 38.8 42.2 45.8 88.0

* All values are calculated based on carbon .
CO, values are gasious carbon and inorganic carbon in effluent

T, 95~98% k&5, FILENDOM Tk ,\énmwm i+, Table- 7@1\“921 Sz, AFRT
0% F, MFRTI7%LLEACO, & CHIZZE N5, H#AHzIlE, MALRZTOCH 88%
W 2AT B, A AEE, BMICERL  —Enflit & 505, CH, ;@,ﬁmi FRFHES { T
DONTITFTB(RUN I :50.5%, RUN 1II:47.6%, RUN 1I:45.8%). H#%7% 75\’
CO, Az CH, & iZicBins 5,

43 FrFlr e RFLINI ANLEKORIBISYE
MRS & B 5o OB B Cid, FHRE - RSP 3T BRI LY
T 3~ 4 BFREDLGE T BERL D d&—;\uﬁ H 92 0 CHEMPLEZ R A D O CHrlded 97%LA
FlZi3 e N @BhlweiE L Twbs, Lo L 5 BREIEN (AL R 1S B v T, Table-8 (2/R4 &
G2, DOCHREHR9I.0~99.7% %2 M52 £ TE, Lo DO CHERR 10 mg/t LIF it
Litiz, Fiz, RBHEWOIRIE L 702 B (EIMBIDGE) LI AHMBIK 12 TG < %
Tvwb, BODBETLERMUENL DS mg/LUTIC%h » T, SOz DN T
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Table 8. Effluent quality and removal efficiency

RUN No. 1 I i v
BOD-T mg/4 42 170 160 -
Removal % 99.2 96.7 96.9 -
BOD-S mg/¢ 5 4 3 -
Removal % 99.9 99.9 99.9 -
TOC mg/ £ 18 102 60 39
Removal % 99.0 94.2 96.6 95.9
DOC mg/ £ 6 9 6 10
Removal % 99.7 99.5 99.7 99.0
Eao abs/cm 0.292 0.408 0.320 0.272
Ez60 0.090 0.170 0.126 0.084

All effluent quality value were obtained from a representative

sample in each experiment

i, WSRO BN e CIFRE A E 2 KB 2B 2 Z E L o 72, L
Lans, BEMEa (SS) ioowTid, TOCTH 100 mg/LRREICE THINT 284 (RU
N II) 60, BENLKRELHETIEDLH, 70RAUTE->TES SANTEA LTI L %
WHNLHBY, ZoPNE I e A FETREKE QB ST 5, KESHMENTH B2 &

DNADBEER R, b b -2,

4 — 4 BEERESHEICBUTLFHRER

ARE T, WLAEEROE 1B L CHEE2 &3P TICERE 270w, EFRE2
o (R0 EHEREREECTW) HETH B, Lo bik~Nzk iz, BAKLE7 vx
ZTHRHEFRZECHE LW EE2FHRC L CHRET L TR L bW e EELIEE 2 T b5, i
S 7 0 & 2D SFIBIFEE R D TO %W 2 2T 72010, B2 TInk )
LHRIFEEATZ, AFR (L% &) ICBIT 2 MEWOB LR

dx ds
VE—Q(SO—S)aJrVaEt«X—VbX (1)
IZBWT, EERE BLIVAFRICIHIZEALY
HEFERFL T wvwe LT, dx/dt=0, ds/

dt=0, &35 kR T 5,

a

X:?LO (2)

2T X HMIBE, So ) MAIEBRE, S

SRAFAVEIREE, a | WARER, b | B ool
¥, Q;WE, V,HBHEE, L. (=Q-S,) .
BRITH D,

Fig3 IZEHREDBEN D Liz#ERE 7T ay
LD THB, Wbtk )iz, &HE
Hler 4 S FICEETE 3HRRESFSIC
RE D, MEIDEMRNME|Za,  b=3.3L%
%, RRBHOWENEE 0.1~0.2"0 &9 5 &

Volatile suspemded solids
g/1

Fig. 3

4.0 ¢] .

0 L I I
0 1.0 2.0 3.0 4.0

Volumetric loading rate (Kg-Org/m?/d)

Relation between volumetric loading
rate and volatile suspended solids (VSS)
in the acid fermentation reactor in
steady state.

VSS was obtained in steady state when
the two phase anaerobic digestion pro-
cess was operated without any sludge
withdrowal in the acid fermentation
reactor.
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B O s BRI, =0.03~0.06day™ &4, 1ZITRELHEIHRLNEY, TNFNDELM
BT SERM E L T3P LER» L LNDL & 557 ULEDRRD & HEMEE (LB 7 o+ 2,
AR 12 T RTITE IR i & 1D T4 TR T & B REEATRE N7,

5. #& Bl

BAEROC LT B RERMEDE BT - BB SRORBE 7o 2 & LT, BEENL
ENEZLND LI -2, MY U Co 2 MRS EM LB TEEE 2 L 10T 5
2D ATEEK (AX LIV T 7)) 2HCTREERZITL, UTOEEIEL N,

FEFEEERE (AFR) 0BT 2 BB~ ORI AR FE AN 0.5~1.4 KgC/m*. d T3
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