mEEKXERRETOEX :
PABIO DENI (/xEA T=)
Moving Bed Nitrogen Removal Process, PABIO DENI

(3]) RERARESE
Susumu Kumano

Shinichi Nonaka

WENRAZEFE KR F: 70+ X PABIO DENI (S¥ 4+ 57=2) ORVF 247 — VEEIZ L 551,
.25 O BB REORER R 2 NI 4L & b IC, I BIT S PABIO DENI O FEREHBI K&
OB EE L BT 5,

NYF A7 — VEBRTIIHLICE L T NH-N &AM 0.9 kg/m*-d, BLEICE L T3 NO:-N
BFREAEM3Lkg/m*d TWIND 98 % U EOEVRERIEONL Z LR TE L, BHD
FERTITH 10 C OEAKIRIZBWT HRT 3~6hr TEERBRENSTRETH 5,

This paper introduces the moving bed nitrogen removal process, PABIO DENI, at
a bench-scale test in our laboratory and operation data in European countries.

A bench-scale test, using artificial wastewater demonstrated a high removal ratio
as 98% or above with 0.9kg/m?®-d NH.-N volumetric loading for nitrification and with
3.5kg/m®*-d NOx-N for denitrification.

In operation data, it is possible to remove nitrogen for 3 to 6 hours even at a low
temperature as 10 C.
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b. Denitrification reactor

1 PABIO DENI # &2 (X
Fig. 1 Scheme of PABIO DENI
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Fig. 2 Activated sludge process with circulation
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Table 1 Comparison of PABIO DENI to conventional processes

Activated sludge process| Advanced nitrification
PABIO DENI with recirculation  |process with recirculation
Carrier elements Required Not required Required
Filling ratio of carrier |Nitrification 50-70 — 10-20
elements .......................................................................................................................................... .
(%) Denitrification 50-70 — 0
"""" attached and suspended
Type of sludge used attached sludge suspended sludge sludge
Return sludge Not-required Required Required
HRT Nitrification 2-3 6-8 2-3
(hr) Denitrification 2-3 6-8 4-5
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Table 2 Composition of artificial wastewater

Substance Concentration
NH1 12 ~125as N
Nitrification
NaHCO; 50 ~500 as CaCO,
Denitrification NaNQO; 35 ~150 as N
KH.PO, 1 ~10asP
Nitrification and MgSO:- TH.0 1 ~10as Mg
denitrification | caCL,-9HO | 1 ~10asCa
FeCl;-6H:O | 0.2~ 2asFe

3. 1.2 FEEREK

FERIZIIE 2 RIR LA REEK L
7z JEIK® NH,-N 2 O NO,-N ez # h F
ERHBIC LD 12~125 mg/L, 35~150 mg/L D&
TR L s e,
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= V ------
HRT = Qi/24 [hr] (1)
. . 3
LDy = QILC{]XL[kg/m&d] ...... (2)

Vo RAeRE (i) GahAaAE (L]

Qi : FokitE [L/d]

Ci : JE7ZK NH-N (NOx-N) #FEE [mg/L]
#it) NOs-N & NO.,-N 04354 NOx-N & E7=
3.2 RERUER
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JFKD NHi-N, NO;-N g% & 13~25
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THE L7,
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Fig. 3 Influence of HRT on the NHi-N removal
efficiency
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Fig. 4 Influence of HRT on the NOx-N removal
efficiency
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Fig. 5 Relation between NH:.-N volumetric loading
rate and NH-N removal efficiency.
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Fig. 6 Relation between NOx-N volumetric loading
rate and NOx-N removal efficiency.
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Fig. 7 Relation between NH+N volumetric loading
rate and NH+-N removal rate

Table 3 Amount of attached biomass on the carrier elements

. Nitrification reactor Denitrification reactor
N loading 0.61 0.97 1.27 0.50 3.48

[tem kg/m®-d kg/m?*-d kg/m’-d kg/m?®-d kg/m?-d
Amount of attached biomass (mg/L) 289 755 992 457 3020
VSS/SSratio (=) 0.94 — 0.96 — 0.96
Activity of N reduction (kg/kg-d) 1.48 1.18 1.02 1.07 1.15

% N means NH-N for nitrification or NOx-N for denitrification
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Table 4 Result of mesurement of the nitrifying bacterias

Nitrate bacteria Nitrate bacteria
NH:-N loading MPN/mL MPN/mgSS MPN/mL MPN/mgSS
0.47kg/m?*d 4.9X10° 2.2X10° 4.9X10° 2.2X10
0.54 kg/m*-d 3.3X10° 8.7X10° 4.9X10° 1.3X107

%2 b Fk HMEHRT (FUKNH-N=40mg/L)
Table 5 HRT on the N removal process

HRT | Nitrification |Denitrification Total
reactor reactor
Temperature hr hr hr
24°C 1.1 0.3 14
10C 3.7 1.0 4.7

3. 2. 4 HAT SS 47: ) OFhE

ik, et BAL SS 247- 1) @ NH,-N, NOx-N
BrEme ) 2 A RE SRR & ERLEIC BT 5
BRAN L OBRERL HRD 72,

TEALAE D B4 SS 2472 1) o NH.-N BrZhE 138
3RITRL7- L) 12FH 1.22 kg/kg-d O #iFH T,
Bz ONO,-N BrFge113F 1.11 kg/kg-d TH o
co BHEHEKEHEH L2 XD20TI2BIF 5 NH,
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VSS-d Th o/ OMEBINH 5 )%, FEEEEIZ
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13 L7 EIGEBNCIERT 5 2 L R —EDE
AOHEFF SN, RERHEOUEEEITRE N &,
ROECHAERF S A -EEOBCERS RSN
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AHACAH A RO HEAK 50 & A EE I LB L, 5T #
WA MPNEIZL D HIE L7z, Bl RErE 4RI
RTAS, HASEEE (7= 7EMEME) 13 3.3~
4.9X10° MPN/mL, HEERE (HFREEEEILAME) (X
4.9X10° MPN/mL Th o 72, Th S OfEiE SS &
M ICHE L TRT & 0.87~2.2X 10" MPN/mg
kb,

AR R 85 % 4T o TV B T AMLERE O TG B R
BABTOLMEIX1X10"~10° MPN/mL T
T E2HENLVESbRTWEY, EWFHRO
MLSS #1138 % 2000~3000 mg/LTd % 728
SS 47201235 E4X10°~10' MPN/mg & %2 ),
K L TEEHROBIR EIE K E v, Aot

EMEOEEENE NI L Z2RBLTW5S,
3.3 Wt -BHESOLXDEE HRT DORET

N FEBEREL R, Bt 7 2785
BEKZxg L Lok - g 7ot 2281 A
WA RS-, FK NH.-N EEIZTAKEHE
BEO4Omg/LELT, BBoa -0y /STOE
BEEB L, FHEI2Y4 7 5 Tk NH-N & O
NOx-N Bl g% % 4 0.9, 35kg/m®-d &£ L, &
BEHEIIQ)RIC L hiT- 72,

K;=Kp-0™ ™ e (3)

Z 2T,
Kl, K, : Tl, T2 T® NH,-N (NOX‘N) %f‘iﬁﬁ
[kg/m?®-d]

T, T.: WA (BiEM) oKk [C]
0 mERE [—] (=1.09)

fifft, BiEEx &bz RCHO HRT 13588 5 &IC
RL72EDICEE24TC DL X 14hr, I0C DL &
47Thr &7 %, 10 C O HRT iE3 — 0 v /)X CTOE
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Photo.2 Biofilm formed on carrier elements
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Fig. 8 Process examples of PABIO DENI

% 6 & Y To PABIO DENI O FEHE(FKMLE)
Table 6 Records of performance overseas installation(Wastewater treatment)

Plant Place congg?gteﬁ;fion Size P.E. V?li?l?in” Type of process®

Steinsholt Norway 1990 625 50 a
Bekkelaget Oslo Test line 1992-93 15000 595 c
Nitrification | Lillehammer Norway 1994 70 000 3840 b
and Dejtar Hungary 1995 3000 206 a
Denitrification | Nordre Follo Norway 1997 40 000 3700 c
Bjuv Sweden 1997 16 000 171 c
Nykoping Sweden 1998 70 000 3660 a

Bury St.Edmonds UK 1995 40000 500 Nitrification

Nitrification | Braintree STW UK 1998 28 000 2 360 Nitrification

Great Dunmow STW| UK 1998 8000 650 Nitrification

% Type of processes show in Figure 8
P.E.means “population equivalents”
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Table 7 Operating conditions and removal capacity of T-N at Full-scale or Pilot running

Guadalix Bekkelaget | Bekkelaget
(Spain) (Norway) (Norway)
Process a b c
Full-or Pilot-scale Pilot Pilot Full
Nitrification and Denitrification HRT (hr) 6 3.5-4 2.5-3
Addition from external carbon source CODa/T-N(g / 0 2.9 4.7
Recirculation ratio (%) 400 50-150 0
Water temperature () 15-20 7-18 7-18
BOD (mg/L) 185 —(99.4)* 58
CODe (mg/L) 297 159 191
SS (mg/L) 74 53 98
Wastewater T-N (meg/L) 35 2 28
NH«-N (mg/L) 27 19 21
T-P (mg/L) 7.8 2 1.7
CODc/T-N (=) 8.5 6.6 6.8
BOD/T-N (=) 5.3 (4.1)* 2.1
T-N removal efficiency (%) 75 >80 >85
*Calculated as “CODc=1.6 BOD”
% 8 & Lillehammer WWTP £&E 57— %
Table 8 Key data for the Lillehammer WWTP.
Design flows: -Dry weather 26 000 m*/d kl))if)tl;i;liscafloirg?s:
-Max. wet weather 43 000 m®/d Reactor Empty bed Mode*
Primary settling: -Total surface area 600 m? volumf
“Water depth 2.5m ; 12823 igfﬁg
Moving Bed Biofilm Reactors: -Total empty bed volume 3840 m? 3 180 m?® AN/AE
-Specific biofilm surface area 325 m*/m® 4 380 m’ AE
-Water depth 5.5m o 380 m AR
6 176 m® AN/AE
Flocculation (4 reactors in series): -Total volume 600 m® 7 176 m® AN/AE
Secondary settling: -Total surface area 860 m* 8 176 m’ AN
9 92 m® AE
-Water depth 3.0m
Total 1920 m?®

*AE=aerobic reactor, AN/AE=reactor can be either anoxic or aerobic.

HMEE IR CTH Y, EAKERETDS v HRT T
WLPRTTRE: & L DSHER T X 72,
4. BINZE T BEHBNY

PABIO MOVER 71+ 21, EWXNTit F 75 BOD
BREDOFERTH BH205, WIHIBVTIZ BOD hkEo
A OTEEBREIIOVWTHL L DEBENH L, =
T, XMooy NEREEDBENIIBITS
PABIO DENI (DWW CTHLER M RES # BT 5,
4.1 pEB7O€X

% 8 M2 PABIO DENI #xR%, 7ot 221t
RELAFITTHERANZ0NHE (F8Xa), 2 BAME
R EE (BB 8 b)), BY|AMLR L (558
Mec) 7% 5, MABKOKER FEZE L 4 5 0LFE
KEIZLEoTINLDTOEAENF T LN,

BORICEFEZRID, Lid a~c o7t 2
DU BEE B A~ OB % &0 C, MEADO
625~70 000 N B O MBI HH ST\ B,

4. 2 KIBMEER 'EHER

BIRICERKU/SA 0y M EBRIIBIT 5 EES
HROEFERFEELY TR

Tt A a 1T AA ¥ Guadalix Tirb i3
A0y T AMNTH 5D, T-N3mg/L, CODc
297 mg/LOBEK % KiR 15~20 C, HRT 6 hr THL
HLIAEBEOT-NBERITDB% THholz, 7k
A b i/ V7 = — Bekkelaget TiThiLt/z/sf oy
k5 A FT, T-N24mg/L, CODc 159 mg/L D FE
KEKIE 7T~18°C, HRT3.5~4hr CUEL /- &
EOT-NBEHERITZS B ETH-72, 7OE XD
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Table9 Removal of inorganic N

Flow Water temp. Inorganic N

(m%/d) (C) Infl.(mg/L) | Effl.(mg/L) % removal
Average 7900 6.3 17.2 3.1 82
Minimum 7600 6 16.1 2.2 74.5
Maximum 8300 6.5 17.7 4.1 87.6

iXa X YEEKD T-N, COD. BEIF KN, a
L DFEVHRT TP TEXLEE2 605, 70O
t A cid/ V7 = — Bekkelaget TOFER E iz F &
Th LN T-N28mg/L, COD: 191 mg/L DEK
%Ki 7~18 °C, HRT 2.5~3hr THMLE L /2B
T-NBEZEEIE8 % LLLETHo7z, EFEIIRL L
271 A HRT 1ZBEKDT-N, CODc, #EREEIZ
L DALY HMEAKIEM T 6 hr LUF CHRLEE fE
Thb,

4. 3 Lillechammer ® 7’0+t X

Lillehammer ®» 7+ 2 % & LT, PABIO
DENI DA, ek, MEBHREOFEM A HNT 5,
4. 3.1 7O —

Lillechammer DMLE 70 — 3 8 XD 70+ &
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HBESAE 1 (R, OBELrLR->TwE, B
BRICHMOEE T — s 2R T05, H1HEHED 3
FEH L5 2 o 2 /s e LTORHT
ELLHVIHAEKEECRELTBY, YOtA a
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FEIRMBMICIKAMMTEL LI R->TRY, W
Ty — FEORRFNIMHEHE L Twhiv,
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LI R6 2265 R1 ~E S, AKEMGME (=
¥7—=NV) ERTICEAIN TS, R6% R

P23 5281280y ) —ViRMEZRKTE 5
TRPGZINT WA,

COMETO—-TO T-N DMEKE %5 9FI
Y. FHKIEA 63T LV Z2h s ) Mk
ZOBERIIFEH T2 % THY, &/ITH 745 %
I RIFIZITDRT WS,

7 U

S, N F RV EERE TR OB 0O E B
12& D, PABIO DENI OMLEM:E % #E4 L 7228,
RO FHFEIHRTERTWL I EdREN, B
18, BHBEKICHIG L7270t X R CEER
Wt CTdh A0S, FTAREDHAOBEHIZOWTHE
AFEER A BHHEAR T, ORI oW TIEREIEE L
7ouyy,

PABIO DENT (3443 EMAWIC L 508 % 1T
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FAARETE RN CEEREDNTRTH S S
D, BRI R O 72 OFHIZ S D 22\ H
ATEHFEEHATHLEEZ D,

[(BEX#]

1) JNES : #his, s> 7> 753, Vol. No.1 (1997)
p.18
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