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With the water scrubber technology at an elevated pressure it was demonstrated that biogas from
anaerobic digestion of sewage sludge was upgraded to natural gas quality; methane content increased
from 59.9% to 98.2 % and hydrogen sulphide decreased from 330 ppm to less than 0.1 ppm.
Moreover, siloxane was removed to less than 5ug/m®.. The upgraded biogas was used for testing as
fuel of a natural gas vehicle designed to use city gas. The emission and power of the natural gas
vehicle using upgraded biogas was approximately same as those of city gas.
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A diagnostic process using indicator organism was developed for biological wastewater treatment plant.
Monitoring made on the behavior of some bacteria contributing to removal of nitrogen contained in the
activated sludge of the plant of a thermal power station observed a high correlation between the count
of nitrite-reducing bacteria and treated water quality. The process is composed of periodical determination
of bacterial counts followed by adequate control of inlet nitrogen load as well as methanol injection
as organic source. This will assure prompt and optimum operation and forecast the quality of treated water
by inputting forecast inlet.

Key Words :
D1EY TR FE Molecular biological technique
c-PCR Competitive polymerase chain reaction
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Together with a process water supply system, a wastewater treatment system was delivered to Suntory's
Takasago plant that produces a variety of soft drinks. The system effectively combined with an aerobic
system (PABIO MOVER) using biomedia and anaerobic system (PANBIC-H) as pretreatment has
been operating stably against fluctuating quality of inlet wastewater, achieving the Suntory's effluent
requirement that is much stricter than the municipal regulations.

Key Words :

o000

00000 Bk @ TH0 KERE 1O 19994
O &5x0 00 a0 fobt L0 00, L4
pEIF0 O MO FFETRIE100 %0 26k, A7)« K
BtaeE, TRAKO EEREBANASE, B0 58
JFR-A00000H##0000, 200240 O FEEY
000 &FEMEREE0 S0 FME00, 00000 -
0000 -00000H#EyrE%RY 0000
EMOKEREEDZEOD, 00 DRGS0
MmO 0 0REED R4ED 0 BHLO, A0 fEEI0
WOOWEFOFEEODOODOODOOMA, OOOODOO

lon exchange resin
Anaerobic treatment
Aerobic treatment

D000 EMORO00D0FEFEOXREO0D00D
000, YEEDSMTHEOM-0%2EO0D00O,
b IO 0, 19994E0 T aakrs (O #1T)
O4E000000BANEATO MK, OmEAKD G
00 AKABER(ED, A#EO0D0D0 DO HEKD et
00 PEKAEE O MADD DO,
O0#%4EMBOZFODO00DDOHKARIED 5
)0 00 0200140 HJEKEED B8 (1.5 T53%)
O, D0DO0JEROHE#SHOOOD, 4RO HTHED
00, THOAEIODMKOKEOODDOOD
00, AK-PokRMOOHEHRODO,

Vol. 2 No. 1 (2005,78)

MR D DODOD DD EH 13



O #4950 200440 O s fifaat0 B4R, 20044
O LHFFE LT, 20054FEEF0 ABEE0 MO0,
AFOD, ARI0O0PTEDDOD HBAFD A
K - HEKD AR RO MEEO B0 O,

1. FAKANIBE: i

.1 ZEHE

0000000KOO-RO, FAKOERED, +
ORGSO 4A#000D0000000O0MK, 00O
FOHAKDOODDODOO@EAKD 3, 44600
RO 00, OHARLBZ, OMAHRM, OTK
ALVERERMED KAI0 0O,

WD, £%E0 EEO00000000%%MH00,
1. 2 FHKWLIBELE

O EmpEEAkD 00 EEARD ERHOEZD OO
yeEEDA0o0o0oa,

©@ WAFRDELFEAD FTREOO0O0O0D0O0%—0
O000®OMO000 /FAEsROEODOO,
Pk W70 k0 0 MARKRD 400,

® FEO0OD0DO0O&RHEIEDEE0000000,
WrshEf D 000000000 4uEKD O 220
00,

1. 4 I/KNEZAHE
TAKHFOWEOOD CODBREDOODODOD O

AOSLE - 00000 ME0 00, #E5ED B

O00EMEREEZED0OEKOO0000,

HAKPFOEO0008, 0000000 ®WEDKRE RO RIEXESENG
O0000EHMO00RKOOD, BrFe, Brmn SO MIWIASIE SGEHRA>
BOOO0D0AMO0000000, R HE K B K

AEBOOMODD HEODOODOOD, Fg @ AR mid 1230
O##%OMO0000000000000 0i@%0 pH o8 5886
00, FATO 4000000 BS0 Gk - 00 SS (mg/L) 148 5
DOROB¥YOSA00000000, Kkiithe _BOD (molL) 587 5
BO000EADOMEDOwED 000000 oD (mo/L) 587 8
brEO0 D, $0REERBRO OO EADDOD RSO <LBHIWIARRR  BERRAE>
k0000, A#»OODOO0KESHFODO JiBE K B SUALBK
D0EO D DO O ARFESD BkED 0D 00 i K (m’/d) 1230
HOWADD O, FERO MO MENOEROODD pH 2-8 58-86
OBl - WaEkE0 a4e0 0000, SS (mg/L) 100-460 (200) —

1. 3 #f 7k =% & BOD (mg/L) 180-4 250 <600

SKHERD , IEMEREES, 000000 &y _COD (mg/L) 230-2 950 —
OHROOODD, () WO ¥¥HE, BOD A0 3400 kg-BOD/d LA

SUKFUKD 00, WEHERIASED O FUkp0 gery S IMARHE St Aft> \
¥%0 00 A0 REDD, 00 %000 5h R K LSRN
OO0 EAPOO0O0KREDD, $ADDD Ay 2ok M) 2130
WOBBO0000, 000 AHED, HERmn o 2’8 >886
FARIO RO M0 RA0000, A%M00ED o M) 200 >
400000, HEODODZMBEDDD DD o0 (ML) =200 >
000, 0000O00O00000000000, & @ —op (mib) ~2000 8

’ BOD &0 3 400 kg-BOD/d LI F
FOMTFODOOOOOO,
£k NI
v
H# K > &k Fe, Mn & > HAky o > TR R G > Ak % E l: fliks > > H K
v
T oK o Tks sy | s w5 mxm ] sk

KO AKQOEREO OO

14 B D ODODO DD EH

Vol. 2 No. 1 (2005,78)



VIR HE K M EOKE o b [ BUKEEIE > JIIER | (| PANBICH

l'

PABIO

| REEVv4

7|

MOVER
PABIO

MOVER

"""""" A

ROt

IFTI A

WS L sk

ﬁ%%%{:

IFTI A

5 5
N N
A

QLB

Y

B

Y

RO  HEAKAEZED OO

O0¥ERDOD PACOEAD, F/KFDO BE
WEDRED D, BEDBRGD O ®BEDREODD
oad,

O00%#%, &EREEEO0O0 cCODRREOODODDO,
ALEKO B0 00 0 wHiERBEO 000 EAD,
O#KkODO0O0#K(000,

2. HEKALIRES E
2.1 ZHBME

RO OAMLHFO REaxGISME, 00D0DO0O0OO
KOO0, KF/KO OO O WO BEO 2w oidEk
O0+000000, AEMEOBRDOKRED 21k
00, O#O000D0M\MO 00 JPeKEmE0 020 A
OKEOMODOOODOOOD, 4AEMNMEOZD0
00000000, #kiAamD O DO LM
ReO [FIERD S:fFO0 00,

00, & THDEANED ml R EREH O w@s
000 T30 0000 D O Kfis&%ED kO D
O0M#OO00, AR0OHMKO000 0158000
O000MEDgKO0EMO0D000, #MMeEo
FEOOOOOOOO, ABEKKED LSO RO
00, OD0ZE0 0D L3 E/NRO #HEM0
00000 #EMHD M0 Ei0 0,

WRIED FERRD O EEFH0 00 0 0 RO O #i
O 0 a2 E R0 RO,

2.2 PANBIC-HO O OO

KOO PANBICCHO OO OO #A&O 0O,
PANBIC-HO OO D O#KO O OO, 4B, 50
EEFED O #EAD O 0 M40 B O BB R
000, A0 UASB (EmiigesE0 0000
0o0000) FXROFEOODODO0O0O0DOO0HS
AFEODOODEED, UASB FXO0O00000 &
ARAED FEE0 0000000, UASB 00
00 WNESO GSS (Gas-Solid Separator) O #7400
0000, ®XOODOODO0000A#MmO 56 -0
O0#% - 0000000%ERsIE0DO0O0D0OO0
a.

AR > Bk —+

ALK A

QLR 7K

— _IL |

VT //j

~
(P LE B TR
Vax i3]
(¥ 5y Bl )

K

@9__

KO PANBIC-HOOOO AKX

O #¥k00000 FHODHEADD, 0O0DOO
O/@0 kD @Ee0 0, 000A#po 000
000 Z“EfbRFEOHMROODO,

® ®»4A000000000WO BHO, o000
EHOMEDD, DOFAHBEOEOOO,

@ AHYOKREODOONKOOODD EE0 0 fH
00, D0OMOO0D0000 —§O k000
Owmmo o,

@ WHHETFODO0DO0DOD %D S EERED th
SEED0, 00000000 00&XO0O0O,
O00DO0OMEKRO®EAOODOOOOO, fEkO

UASB O k%0 O KigEO RE )0 00 0 SEEBO O,

O wmAmOOxc0¥EBEDDDDOOOq

(&%5F80 UASB O 1,73)
® 400001k
(UASBO 1,72)
O000EO00EROADDD, #RKMELBOAR

OO0%¥EODO,

O fFAMAHEDERDDDD00O00000%0

@ JFUKOREASDOO0ZE0000

00000, 158D PANBIC-HO OO DO

OADOO,

Vol. 2 No. 1 (2005,78)

MR D DODOD DD EH 15



OWEER0 0, dkRAam0AED®EODOO0OD
00, Km0 0000 KERD 0 0 7%
fickaED £ O,

2.3 00000 MERE

AR, BOBbKO &dh0 AFED BRO O JREAEED
MODOOODEARDD, WERb/AKRED EFERRZED i
RO O0O0000D0000 —&MOOO0000,
i L350 0 4R, @k /KRED ESERED IBE5%0
O 0@ EadoKk GEFR: 0D00004HK) O
PEHOOD0O00000, ABEERED ED LEO0D
a.

000000@EED, B oOOODEERDO0D0
O, 000000 @FAEpLE0»E0000,
WEEO D000 00&MIEHDDO, #2000
WAeEMDEEMOHFODODODD, DO000OO0D0O0
OO04&pusEooo, MAewDxEKooooo, &
WIREMED DO OO @EeRFEORKODO,

000, 000000 %R0 420000420
00, OO0FEOO0D00O, #Ek00 =MD O D
00, DO0FMEO0O0D0DOSEY%ED ETHD
0000 FED, R0 AED D000 FiED %
mooooo,

000, BOAODODDDFEDD KD LLED
000®0O00, OO0&aAID B0 0%, %ED
HREOWMNOODDOOMESADOODO, 00, 3%
RO D D00 &R EmD L0 00, Ra
s EiRD MO %S00 0MEDDDO,

ARO, O0000&EOHOOLEFODOO,
PEALEKO 0 D& e HO0FADOO, 00000JK
KO FFAAAEKO BERMORAODODOODOODO
O H0@Ese0 rED 0 FED A0 D,

REBRAED O 0 k0 %D 4F540L8 (PABIO

Gl 5000 Ogo—bg o ogg-
5@3%0% % ;Q%O%) s
fRdse ) E o
OO%B @go F0 GO (9@0.

ks :
=L
K 056 O% oy O%
SEE by

Em

MOVER) O O#OOOO,

2. 4 PABIO MOVER (DO ODDO0O)

AFAHD MRS O B0 FrE R0 Feis
O, BAO00#HEALODDOHRED OO R0 &m2h
FHBHEVUEEEDOD, BEODHKSE, X
O 0#EEXO RO, ARED & 150 KEAEE 0
+40ZBEO00AE SO HZ004RO0AO0DO
0, F0000000®O.A000000,

O BREED WO 0 MEHD D BEA0 FE0 00
00000, KOO#EMEDD OO mAfmLE
OrAEEO DO,

©@ 0000 WNOD#EKD 2D 0 #MAEHD L0 O

00, &EFEIAZEOOO,

ARERO/ANDDO SSO000WMEOOO, ok
MmO DD0KMR*=E00000000O0OO.OARDDO,

TAKGERGRED O AfdKigHGE0 O B0 40 0
OABKOAEZO0000O,

@ i, b, W -000, FASKED MO 4k
AROWAHO OO,

® B0 A0 A0 00 0 0840 IR0 K
MOEMO0000000000, BEEm0 A%
FIAO, se/Em0 KO D00 AgED D00,

® #RDEFEOODOLMEODDOODOO, 04
WO, BEEKED O DD EEERED — R
ooo,

4000 #HEHRO D, 00 FED D PABIO
MOVER O < B KD sEHABO 0000, O
0000 EKEHRD PABIO MOVER O #i#0
®EOO,

2.5 0000000
RO, BEEBEKD 0 #WEHD A0 O

O, Foi/AKED DD EOE (COoD - (kR E)

®

LK >

270 — A

X

b
P2
Jus

[

PABIO MOVER #/&[X

fic

AT
STEL LG .

BEEO PABIO MOVER K5 H

16

B D DOODO DD EH

Vol. 2 No. 1 (2005,78)



OO OO A0 1 A H“HHHHH——

Ji7K

1
ZBinBIR

JEK A

Bk E |

JLEE 7K

JLER 7K il

TR R A 1

KO 0000000 O0oooooo

00000 ZEGRERAIEHERBAEEDDD, B
000000000070, AFEEDFED RO O
gooooo,

O /RO EEROFHADOODO, WEEED K
00, O0WEERDFMAER0 0,

@ {EMERD, WO04HPK0 mEskEo 0O, O
O, 00000000200 WE#EEno0D, #
fikzh=0 &0,

@ EMEROMHEDRZOOODDOOD, KFK
O /KEDASD OO0 AHEKEDMEODO,

@ WEMEROFMMLROHO0O0O0D00O0, 00000
000010,

® D#EZEADO00, WEHEHEORKOODO, %%
BEOOOODDOODD&EmAED /DD,

® wEHAOOO00O0, JFUKHOREMEODDD
PEEAZED M0, [EEROD 0D 0 M@0 AEO
od,

@O 4£HBH00000000&ERODD, HEikgE
O&xZ000,

OHTHEOOAKEHEOIODOD, OHOREODD
X0 MODO0DOXDDOODOOODYHORED
a,

2. 6 PABIO MIX (DO OOOOO)Y
PABIO MIX O M itk O #0090 R0 R E

OAFDDDOHFEPREEDDOD, 00, e A00

O0@AHROFEODOO0D0O0O00, PKAED D

000 PABIO MIXDO@EAHOOOOO, HEAKLED

FHO0D0000KRKOOEEOODO0O00O0,
PABIO MIXO O, D00O0OO (B—#E#L-1k

KO PABIO MIX & X

Bphik) 000000000 (IRX - ) DO
¥MOOO, 4000 @MH00000000, 14
WO H#R - ARk ED MelizZoo0ooa, O
HOHE - BKOV0ZFODOODAEODODD
00 MXIEERD By A0EHEERE0 0000000
oooo,

ARO0OHTHEOD, ODODOOEAR, 000
00 & o0 ENHEAAO 0000 Donoon
AMADOD,

KO O PABIO MIX O &&#ED RO,

PABIO MIX O F0

- B Eh 5

0000

M
O#O0000, 0000000 F0%E0O0D
wOsO0O00000,

O &0 kN
RO RO M0 BE0 00 0

O, o0 ES®HED 000 #E#EH0/h00,

HHREN B E - O ~0 Wimd
@ 00D0D00#E000 RS

BREhE - 0000 - fii#R¥E (FRPHY) OO0

k00000, &0 00000000,

HOoOOO00O0000000000000000
NODDOOOM&EODDOOORO0000,

O SO0 000, 000WN0 Mk
O Fmr0 0 KO FEROD O, O0FE, KD SR
P000D0O&A#RODDOEDODDDDOEKRD &/
OO0DRBOOHEHOFIEEODO D, OO, BEE#EA

Vol. 2 No. 1 (2005,78)

MR D DODOD DD EH 17



I

==

-

Ll e e

/
HEE T A=Y v —

E Wk S S e

ROMEO O DO OO0 ERD ASHIRD O #2805 1m0
O, D00000$R500000#ER000,
00 &000000fMmoO, O0REE, i
FEEEOs00000, EEHO0A0D0D0O0FLE
RE 0 IEHD RO,

3. HEKEImEERINR

KO, 00200440 A0 O 0O HEAKLEERR D #Hiis
000, ROO20044ED fifiAkERE OO, 4
010 O W% %R 0 i #x0 200540 H O O BA4A0O,
B0 0 AD flO O,

PR RO KD AfABD 22800000
O0ZREDODAHEDMEO 000, #ESA000
O Boi k40 +o0 e ofRooooooa,
00, 40 #EE0 W 70 0 Ei0 0 SEEREO D
WEVEALFEOZEODD, £¥EI0 KEBRO0D, &
FWGIRAVy &0 O ~0 FHEE0 , FEEYED KiED
O OO0O0OO0O000,

O O 0O

M4, HERIERE(LRIED BB sr0 s kO Xf
0, fEERAMTS00DEBRO EEO00D0000O
oad,

YHOKARKEOODODOODDOO4AX0004E
AOORSO0000000000#0000 #O
OEM000000, DO00O0%0000 - REA
MO0 B0 000000%0000,

2000

¢ @ JHkK
W R
1500 [ * PS

*
1000 | *® L 2R 4 *
*

CODy,, (mg/L)
*
*

d
b ® o $%00 °H 00 & O AR Y]
w [t o 4" V;o e ad ° ”:{W

0
20043/ 2004/4/15 2004/530 2004/7/14 2004828 2004/10/12 2004/1126 2005/1/10 2005224 2005410

B0 BRGERME  ERSR R

* K
200 | —— HihiE
EE=5

200 *

+ *
* < *
* * *
Y . & * * * O ?
“ﬁﬁaF@Fi¥&viﬁﬂ§ﬁhﬁﬁz
200431 2004/4/15  2004/530 2004/7/14 2004828 2004/10/12 2004/1126 2005/1/10 2005224 2005/4/10

KO SO 00O

CODwn (mg/L)

50
00

O 20044F B otk 324k

N vE K
pH 5.8-8.6 5.8-8.6 75
SS (mg/L) 30 7.5(5) 15
BOD (mg/L) — 10(5) 15
COD (mg/L) 20 16(8) 4.1

() MO HFEAE

EEODABOMEDDDDOOREO O B HOOO
000, 00000 (B &b T80 FE0 #E0
&O0O0O,

[&& X#K]

0) AO# #8000 00 H#  Vol47, No.l (2003),
p.47

0) 00000 CSROOODO OOODOOOO 2005

18 MR D DODOD DD EH

Vol. 2 No. 1 (2005,78)



Dooo@)oooooooo

Oo0oododdoooon = e &
Wastewater Treatment System Delivered et T s
to Nippon Kasei Chemical
BARAHR
IRAILBEER = Pt il =2
P -

B0,

Keisuke lwamoto

oy H = M
Noriaki Shiota

fi2y H i
Tsutomu Takeda

H AR (BR) /4 ik TH B mO O mAshEiD @0 0 PR (0000000)

000 &FEyERD BED A0 ERAHEZRE (0000000) OMADD, AmDO, X

EOHEANAODODODOO, Mae

SEERRFO RO 00RO 0D O ®RED O,

A fluidized-bed aerobic organic wastewater treatment system suitable for high load operation (PABIO
MOVER) was delivered to Onahama Plant of Nippon Kasei Chemical to meet increased requirement,
together with S-TE Process for reducing excess sludge generated from the preceding wastewater
treatment. The performance test marked BOD removal ratio 98.4% and sludge conversion rate 22% as
total system. This paper describes the outline of the systems and test conditions.
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Up-flow Biological Contact Filter for Removal of A
Ammonium Nitrogen and Dissolved Manganese *ﬂ%?*&mﬂﬁﬁé

for Kitakyushu-City Waterworks Bureau Hideo Matsui
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Excessive nutrients in domestic wastewater and eutrophication of rivers and lakes often cause city
water source troubles such as increases in ammonium nitrogen and surfactant, generation of objection-
able odor, and increase of dissolved manganese concentration. An up-flow biological contact filter,
utilizing granular activated carbon as filter media has been applied to Anou Water Purification Plant
as pretreatment facility. As a result, ammonium nitrogen is removed by 100 % and dissolved manga-
nese by more than 70 %. Consumption of chlorine, coagulant, and the carbon dioxide gas for pH
control has been reduced. The plant proves that the up-flow biological contact filter is hardly influ-
enced by high turbidity.
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Thickening of Excess and Primary Sludge : @ ; y
by the Belt Thickener )
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Belt thickeners are gaining popularity because of recent depreciation in polymer price. They don't need
high maintenance and running costs and large installation area. Using actual sludge, a demonstration
test was carried out with the newly developed belt thickener characterized by ploughs arranged in a
staggered pattern. The test showed high performance over the target; thickened concentration over 4 %,
recapture rate over 95 %, and polymer consumption about 0.3 %-DS for three types of sludge, namely
excess, primary and mixed sludges. In addition, the relation between the angle of filtering surface
gradient and thickened sludge concentration was confirmed. These results indicate that the product
concentration and polymer injection rate can be controlled depending on requirements.
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mooe B Sludge thickening
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A reductive heating treatment test using pilot scale equipment was carried out to establish an on-site
decontamination process for Dioxins in polluted soil at relatively low temperatures. The pilot-scale test
confirmed the reduction of Dioxins from the range of 1100-3 100 pg-TEQ/g to the range of 0-0.029
pg-TEQ/g for contaminated soil, namely removal rate of 99.9997 %, at temps. from 500 “C to 600 ‘C within
one hour under an oxygen deficient atmosphere. Samples taken from the waste gas and water, and from the
working environment were analyzed and they proved adequately safe, meeting stringent Japanese regula-
tions and standards.
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The high efficiency-evaporating agitator is a device that can effectively utilize heat for concentration
even if liquid decreases as concentration progresses. A comparison was made in numerical analysis in
a test between the device having an inverted conical vessel, and a conventional cylindrical reactor
equipped with a baffle. The test confirmed that the liquid level in the device was raised along the wall
of the cone by stirring so that the heat contact area was increased. The mixing performance can be
predicted to be equal in both units as the standard deviation of concentration is calculated to decrease
at the same rate.
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An automatic control system for the pyrolytic gasification and melting furnaces is developed by using
model predictive control theory. This control system is able to stabilize steam generation rate, fluidized
bed temperature and other section temperature inside the furnace by manipulating waste feeder speed
and a steam control valve with the automatic control technology based on model predictive control
theory. Furthermore, automatic operation is assured by setting up a suitable daily amount of incinerated
waste automatically according to change of the calorific value of waste. Application results in the
commercial plants show the usefulness of the proposed method.
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Circulating fluidized bed incinerators (CFBI) get a lot of attention and are often applied to the sewage
sludge incineration recently because they have higher combustion efficiency than existing bubbling
fluidized bed incinerators (BFBI). Kobelco Eco-Solutions delivered 120t/day CFBI, the nation's largest
scale, in March 2005, and completed its start-up. Test runs were conducted using mixed sludge cakes
of different combinations such as polymeric cake and lime cake, grit and screenings. This CFBI
showed better performance than 36t/day CFBI and 120t/day BFBI installed in the same sewage

treatment plant.
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Further improvement was made on a standard model of filter dryers by simplifying construction of the
components to meet customer needs; the porous filter plate was reduced in weight to 1/3, the bottom
plate was integrated with the flange, and the discharge valve was hinged to the casing cover so that
the plug opens. These improvements assure easy maintenance and high cleaning efficiency.
Additionally, new-type impellers improved in mixing performance were applied to the standard model.
The paper also describes improvements of optional devices such as purge gas valves and cake surface
detectors.
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