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Characteristics and Development Chronology of Anaerobic Biotreatment Technology

by Naoaki KATAOKA

In anaerobic biotreatment organic matter becomes degraded into methane and carbon gas by catabolization of anaerobic bacteria
propagating in an oxygen-less/anaerobic environment. This treatment method had started to be applied in Europe between the end of
the 19* Century and the beginning of the 20* Century. In the 1950s heating and mechanical agitation techniques were developed for
this method. In Japan, the use of anaerobic digestion for reducing and stabilizing sludge in sewage sludge and night soil treatment
became widespread around this time. In the 1980s high-load anaerobic biotreatment featuring microbial immobilization was developed
and its use became widespread mainly for treating industrial wastewater. At present, focal attention is being directed at anaerobic
biotreatment as a source of unused energy for achieving a low-carbon social and economic structure, by producing biomass from

domestic waste, food processing refuse, sludge and other such refuse.
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1. FUSIC

BRI (DL, BREMELED) &, BEROLw
BRI T CAB T 2 SR ORBIERIC LY, A
W% 2 5 I AR R AN RS B AW T
Hbo

BRARPE AL PR & O LB TSRS REE) OREITo
Wi Z RIS,

BB O R LW 2 BT E, KDLBY
Thhbo

(1) BREVELEL O Fpir

OB ARPEEDNE W L0, RRTHIRISAE R AU
PERLBLIZ T 1/3 ~ 1/10F21E & 70w,

QEEFZ OBV AED 20, IV L TEY
HEED1/2~ 1/315RPTE %,

@AY U H AR TERGETENA T T A OND,

@953 JE A Wy R0 5 A IR 25 3 R0 LSBT B o

FHEEI YTy - AW it ()

[BEBAt N> B 7y 7 | CrBEBalr &, Fl224E2H22H
J4T) ©pp1014-10193E A Z I —FBIEE, MBIED Lz

1 BEEEAEWARE 2 ETEE IR O IC L
Table 1 The comparative dimensions of the anaerobic treatment
and activated sludge
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Fig. 1 The degradation pathways of the organic matter in
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Table 3 The type of organic solid wastes and amount of gas
generated by the methane fermentation treatment
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Content Gas production rate | Methane gas content
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Mixed sludge of m*/kg-$% A VS 60 ~ 65
sewage sludge Input
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waste Removed
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Fig. 2 Chronology of technological development in anaerobic biological treatment processes
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Table 4 Early anaerobic treatment systems
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Table 5 Anaerobic digestion systems
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FEOREIZE > T, BEMENHE L2 L7z,

3-2-1 1EEEHIEEY

BRHER AL, PRI T4 i OWALIG RS O FiG 8
a7z L, 30 ~ 37CITh L %255 TGRS LIRS
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Table 6 Comparisons in anaerobic biological treatment systems by immobilization method
TRl SR I IR O R PETR BYR s UASB#: EGSB#:
Up-flow anaerobic filter Anaerobic fluidized bed UASB EGSB
process process process process
FEHE A A FEHE I A LB LB
generatedga 3 Effluent
- JLBRK i JLBEK I T A
= Effluent 5 = Effluent Generated
FedAF § e
Provaes fow i ik
&5 Gifh+4:)
2 Fluidized bed
'5 (Carrier )
JEAK +microorganisms
Influent Etﬁent Influent
rA, ¥+I4 b, 7V
AF7HA b, BRI,
E, e, RGN SEORE02 ~ 1.0
FeHA - R | 7T ATy 7 B mm FEFE DK NE N
Filler - Carrier | Gravel, crushed stone, Silica sand, zeolite, Unnecessary Unnecessary
Big plastic filler anthracite, granular
Equipment activated carbon and
lightweight aggregate
4 g FEAIT AN K B MBY T A< | FEA AT AN K B MBI A <
. e )L ~
POEAKR | IR SUIAIR. GRRIL0S~ 5 1A
Stirring method | No Circulation Water cvele process No mixing gas power No mixing gas power
yele p generation generation
VE R AR gk .
g)fgc{jrf?ifn VT 7 Y ERDT0%LL T
of sludee 10 ~ 20 kg-VSS/m’ 20 ~ 30 kg-VSS/m* 30 ~ 50 kg-VSS/m* Effective volume
S tentian 50 kg-VSS/m* BA I
o
fr%jf{c‘loﬁl ding 5~ 10 kg-CODe/ (m® » d) |10 ~ 15 kg-CODc/ (m® + d) | 15 ~ 25 kg-CODc./ (m* * d) | 30 kg-COD¢./ (m® - d) DL F
By C, BRMARAE R
WAL LC R AR, TSR
o ; ekt = ) 1~ A b N D O THEE
v 8, bk FEMZ N IZ , B o SR e T L A g e pie
. ) o ar, WO | s & W e 05y K0 | WS MR RiE L T
Characteristc | £ Microbial immobilization | Less likely to block , Low power cost. Does |\ .
Advantages in upflow anaerobic filter | efficient contact with not require mechanical Solid-liquid separation
process minimizes leakage | biological matter agitation or return. The performance is stable.
of bacteria highest concentration of
sludge retention, simple
and compact structure.
B OB L ) QLI | B ik X\, M JERRZR I & o TIETRARGRE | ARTREED 72 @ o 3L ] 45
T RS Fidp % R L ha b ERTL
. . . Bacteria flow out Needs operation control
Disadvantages | Performance drop due to High power cost, difficult to dependine on operatin to maintain amount of
blockage of fixed bed control amount of biotilm pending P g .
conditions bacteria
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B R AR T O AR O AT I X 5 BOCHE O PHIE R 56
1873 EOBAMREDD %o
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R BE MG Ve R ;. (UASB @ Up-flow Anaerobic
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3-3-5 JI7=a1—ILEROSM

UASB#:TIZ, 79 = 2 — Vihie 2 RPN HER: Lkt
MICHIESE LI LEPREETH S, TDDHITIE
UASBLEAENT X & ¥ AR A S IICH T & 288
S ERELLEDRH Y, FRZ, I —ViEROFTKE
TR L, DOREEE%EME—DIE & LTINS % Methano-
saetaJ{D A 7 2 A RW QWA K TH %,

BHIZV T =2 — Vi KO B BEMET Hx
Yo WY 7= a—ERIE, HE (b) IR X9
WRIRED 5w v FIRO Methanosaeta g o * 5 A
KR DG ARG > Tl TH 5. — T, BHE (o) WRTH
Vo FEATT T =2 —VHRTE, REIIBE105 mm
DTFENSCRBLR S0, WHKESELT L2
END, TOYATOT T = a— ViIGRORF BT
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MethanosarcinaJ& * % >~ R AN & % 2 %546 12 HBL
ERCY A AR

79 = a—ViHRAR T, FRKhoBERT (SS:
Suspended Solid) D ZEFHIZ T3 EET LLERDH 5,
SSHHYT T = a—ViGRICAAE L7720, MR LT
EWTLL, WHEROIKTICORN S, 72, SSEW

(a) 9=a2—N
Granule

(b) IEHRTT=a—N
Normal granules

() ¥VYFEATDT T =2 -
Methanosarcina type granules
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Photo Electron microscope photos of UASB granules
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R IR L C, BRSO o0 22 25 UASB AL B 12 1
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CEDAMRERDY, FEEBA~UASBRLILK % 155}
T5HZ LT, WRARHOMERY AR AT &3S,
AR T o pHAR T 2 B v CAER T 2 IKRIRIIRIC X 5
AR EZRANT LI ENTE D, ZhiCky, Bk
WML @O LI EDTREE 5,

3-4 NAFTZERICE FBREELERTTORE

19 A RIS F - 72 B LA X, % 1354FE D 1
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Table 7 Anaerobic treatment methods for organic waste

. e A A o e JRRN N
VIR el Ak e S sk Rk
Processing method Complete mixing method procesIs) Fixed-bed method Dry digestion method
R SR BURE el
Material Material Material 1\;[ terial
TEREEL e
Fermentation waste L}
e » 4’
7 a— ;gg;pgﬁ ?Tﬁ%g’; tion AL FEREBEHL
Pri fl IR eymentatio Fermentation :
ocess ow Fermentation oo waste " Fermentation
JB\ waste waste waste
| =i WA 5 S
Y e 53 W [l SE R . .
azﬁete ) Separation membrane Fixed-bed Dry digestion tank
mixing
LIRS 35C/HRT 20 ~ 30 d, q . 5 .
Processing conditions 55C/HRT 17 d S5C/HRT 12~15d 55C/HRT 20~ 40 d
F=4E Kt - 4H LI I 2 T A B | 7 A n
LA - ik L PPREREH G g g om L
Fllle? None Incidental to d1gesFer Filling in tank carrier None
g oy | Carrier membrane separation
Equipment B ATt B2 <13 A, Bt < 1ZA,
features Mixin > Bt <ixA w2 < lx A FEEHR OB  1Z A FERAR DGR  1Z A
me thogd Mechanical Mechanical Mechanical mixing Mechanical mixing
digestates with circulation | digestates with circulation
A BLLBERE, EEREE, BBERE, EEREE,
A RENG IR FITE R BEEY HRFNG R
w5 EesEY | Type of waste Food waste, livestock Mainly food waste Food waste, livestock
For waste waste, waste sludge waste, waste sludge
composition | JEURl g
Material 5~ 10% 5~ 10% 10 ~ 20%
concentration
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Fig. 3 Flow sheet of methane fermentation system for treating animal waste

T, REEE ORI HERE O Bk ) MRS BETH Y,
53 BELOE PR T D 72 3D O ALBRER A O MRS b LT L S
%o HIRFERGRN OB HE S 2, FEREROREE AN < 72
LI EN% L, BHENREINE Z 0D D,

3-4-3 EEKE

FEWEAN | e FRMRAE R ANHRAT 22 2 T L, £ OIS
ISR T & A A5 B S & T AT ) M IREE S, Bs
BEEE IR, FERERNBUEIRE 2 R CIRFFTE 572012
BRI AT R L SN b T, HHIRPAZERFETUE,
FAARIZAT A L9 Il o= B oML 25t LTl
FESLEL SR,

344 TRE

WEREEL, BRI 15 ~ 20% L F OB T AL,
FERERENTG TR IREE 2 = C IRIF L Z2IRIE T, oKD &5
MEALEL S %o fLanBETEY), HREBEEW, RENGIE, M
Idp R4 DR A BT X, BERIEAR D v, i
ETIE, BAEDPCBAEBIZI DAL T AZTHERENS
WL ZEDEIETH Y, LIS, AH2RPRSLEE
ENb, $72, FMREREEZRAT L0, TYEZTIC
L BRBHEDELR T RO THEENILETH S,
3-5 NAFTIXOERENIEDOER

P 5 AY1995 R EHD HWFIERIE L T & 7oA BMEBETEY

DAY VREES AT AIOVWT, REEREBLOETA
G E LB LIS T %,

3-5-1 KEFERA ZHEBWNIES X T LOFIT

(1) YAT7TH 70—

RI3i%, BWERAZWILCTAZ VA AL T YRR
BT B L L LI BREED R Y V3RS AT
LTHD, FIRREWIZ, A7) 2—7 L AR AKX
B HTLE TR AR (i) E¥ETRCa T 5,
P hiin 2 & R, AR O K53 A4
END, XY VREEEDOHM L7225 VBB,
FIF—varrg v FRESMHETBOD (Biochemical
Oxygen Demand) & &EHPBREEIND, Nz AF ¥
AR, B, BE, MEHE LTHHENG, A7
a— 7V ABIKEEE, BIRD DI & Br2i 3 5 L3I,
[ — B TIHIR DA AT o HIALEE T HIR I % B 2
T 5720, HRBKEEOHGIREEM A ) < @ i34k <
Wz oh, F72, BAKRAEHOSS RED K, FIREE
e BABRIZEAEL T Yy RA MEE NS,

(2) FEPRIE AW O LI

A7) a—=T L AMATHR SN L AR, FEIRTO
EEK T mm DoKW TH Y, FA R RO RN
1L LIKE, BBERSTHD, CNLDOEHIEAY &~

IoNF R No. 229 (2010-10)



TS A W LB B D B & SR Ot

08
Z 07
Z
06
oo
S50
; ;ﬁ 04
803
R §0
X
R 202
*
x 0.1
S 00 1 1 1 1
100 —@— CH,
—A\— CO.
80 :
N o—© . e
g 60
{){_ =
x5
=0
=

?

Do
S

o

—
1=
S

%
=) ®
S S

CODcrbgr s
Removal

40
20
0 1 1 1 1
11/15 12/15 1/14 2/13 3/15
H H
Date

R4 JKFRPEHEO A 5 > FEREALIL (19984F 11 H ~ 19994E3 1)
Fig. 4 Methane fermentation treatment of screw-pressed
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Fig. 5 Flow sheet methane fermentation system for treating garbage
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Table 8 Data on methane fermentation plant treatment of

garbage
TN T B o) 7% g . TALEZ ALY 2D
Amount A %"q:‘% A=
Gas production .
of garbage rate Gas production rate/
collected Input garbage
(t/1) | [m” 3 (NTP)] | [Im*/t-F& A4 ZTAH(NTP) ]
A“H 487 95139 225
pr.
1\54)51 484 106130 261
ay
61 484 98175 244
Jun.
[ 579 115617 238
Jul.
8 504 117248 233
Aug.

b AA/
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A 4
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X 8
R o
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=
60
A~
1 1 1 1
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Fig. 6 Monthly changes in methane gas conversion during
treatment of garbage

2258 Lz ik iz EBTE TV,

(2) X% SR EEBE

W S HRINA F AL L, TARE L Y ¥ —DHALE
RAEMBGRE LT L EF e, RKERETATZ AN
B, WAIZARERIML, KICHEREZTARLTK
HR, BEEMENARZ AN, RERET AL HERE
THDOZARIIARHI600 t/ HTH D (F8). AliikT
AT S OF BP0 R W FHEREEREED b
ZANTEY, FHHELLEO AL 7 2FERDIHE SN
TWwb, 72, MALEITAYY) ONA F A A5EERIT
200 m’/t (NTP) MLETH Y, HIETHORX Y 7 Azl
FIL0% i TR L (F6).

2y sk, X (3) TEME L7

Xy VR (%) = (X% Y H A% COD M L7z
fiti/ x5 2 FBRENDOPEA CODer) X 100 wwweeeeeses (3)
K (B) x5 Uy HADCOD: YL, X (2 1TLo7z,

120 e— R T 12
100 —@— CODc A 10

80 8

60 6

HRT d

40 4

20 2

CODcfaf kg-CODcr/ (m3-d)
CODcrload

12

10

08

0.6

04

Biogas production rate

0.2

INA I AFEESR m/ (kg-VST - d)

0.0

100

—@—CH,
80 —O—co,

%

7AW
Gas content

#

#

j$3

8¢

o

Ny-

S

v O

E‘i g 40

R 20

N

s\\ O L L L L L L

4/17 5/2 5/17 6/1 6/16 7/1 7/16

HH
Date

7 TR D A ¥ FEELER (2009 44 H ~ 200947 H)
25 L8R4
Fig. 7 Methane fermentation treatment of solubilidized
garbage slurry (Apr. 2009 ~ Jul. 2009) 25L bench-
scale continuous methane permenter
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