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Oxygen Supply Method Ufilizing Gas Permeable Membrane
to Save Energy for Wastewater Treatment

Yutaka Suzuki, Noboru Hatano and Hiroyuki Ikeda
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Synopsis

To reduce large amount of energy consumption for oxygen supply in a wastewater
treatment plant, an oxygen supply method utilizing gas permeable membrane was
developed without the mechanism of air bubbling. The gas permeable membrane can
let gas go through but can prevent water permeation, therefore, the membrane can
sustain water pressure, and at the same time, supply oxygen from gas phase to water
phase through the membrane by molecular diffusion.

Experiments were conducted supplied with water, synthetic wastewater and municipal
wastewater, and characteristics of oxygen supply of the membrane process with or
without biofilm were clarified together with the causes of decrease in oxygen supply
rates and damages to the treatment, which, then, led to the modification and
improvement of the process and its maintenance way. Based on the results obtained,
treatment mechanism of the process was proposed, and the energy saving efficiency
was evaluated.

Keywords : wastewater treatment, energy consumption, oxygen supply, gas permeable
membrane, biofilm, nitrification, denitrification.
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Fig. 1.1 Ratio of electric power consumption of each
facility in a wastewater treatment plant
(Kasumigaura wastewater treatrnent plant, 1994)
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Picture 2.1 Electron microscopic picture of gas permeable membrane
(From the pamphlet of GORE-TEX, JAPAN GORE-TEX INC.)
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Table 3.1 Characteristics of gas permeable membrane

Material
Inner diameter
Membrane thickness
* Porosity
Pore size
Max. waterproof pressure

polytetrafluoroethylene  (PTFE)
3 mom

0.5 mm

50 %

2um

90 kPa
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Fig. 3.1 OQuitiine of gas permeable membrane
reactor :
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Picture 3.1 Gas permeable membrane reactor

Picture 3.2 Gas permeable membrane reactor for
increased water pressure test

Table 3.2 Experimental conditions for %neasuﬁng oxygen transfer rate in pure water

Air » ¥ater | Stirrer | Vater
Flow Rate ! Pressure | Rotation | Temp.
: ’; iRate 5
{ml/min] | [100kPa] ! [rpm] > C]
1 § - L
PAir 20, 40, | 3 E
Experiment i Flow | 80, 120 : 9 po400 10
against ‘! Rate ' ; R
Changes in T : 3 :
| fater 80 o, 0.1, ¢ 438 @ 20
i Pressure : 0.2, 0.3 ; i
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Fig.3.2 OQutiine of experimental apparatus for measuring head loss of flows through tubes
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Table 3.3 Composition of synthetic wastewater

Organic Substrate

Inorganic Substrate

Peptone 28. 7

( TOC : 41~ 55 mg/1 ,

Dextrin 13.5 mg/1 NHe™N 25 mg/l NHL™-N 45 mg/1
Beef Bxtract 28.7 POLE-P 7.1 POL3-P 7.1
Yeast Extract 32.7 NaliC0s 110 NaHCOs 200

(Tap Water)

Org-N : 10 mg/1 )

(Tap Water)
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Fig. 3.3 Outiine of gas permeable membrane reactor for municipal wastewater treatment
(Primary effluent was directly supplied in Run 1 1)

Plastic media filter

Gas permeable membrane reactor

Fig. 3.4 Reduction of SS concentration to gas permeable membrane reactor with plastic media filter (Run 1.2).
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Fig.3.5 Municipal wastewater treatment process composed of a plastic media filter, three gas permeable
membrane reactors and a biological aerated fiiter (Run 1.3)

Table 3.4 Experimental conditions of processes to treat municipal wastewater in Run 1

Run - Process Experimental conditions
No. (Number of process component) Gas permeable Plastic Biological
toembrane reactor(s) media aerated
filter filter
Plastic Gas Biological | Wastewater | HRT Air flow Hiltration |+ HRT
media permeable | aerated supplyrate | (reactionpars) | rate rate {reaction
filter membrane | filter (ml/(min: part)
reactor (mL/min) (h) reactor)} (nv/d) (h)
1.1 - 1 - 75 14 100 — -
1.2 1 1 - 30 35 20 16.5 —
1.3 1 3 1 75 42 70 16.5 0.5
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Tube volume fraction
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... Tube of porous gas

permezble membrane
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156 m
1.96 %
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Fig. 3.6 Gas permeable membrane reactor with vertical fube placement and empty cylinder to slough off biofim

Table 3.5 Experimental conditions of Run 2

Run2.1 Run2.2
a b c a b c
Term (d) 28 94 47 43 42 14
(Days from the beginning (d)) 0-28) (29-122) (123-169) (170-212) {213-254) (255-268)
Influent Raw municipal wastewater Raw municipal wastewater
HRT (h)
Prior cell (Condition) 3 (Anaerobic) 3 (Aerobic) 1 (Aerobic) - - -
Tube reacior o 6 10 10 10 10
Niirification cell 3 3 2 2 - -
Empty cylinders in tube reactor
Existence Always Always Always Always 2 diweek 1 diweek
Volume fraction 2% 2% 2% 5% 2% 2%
Adr supply Always Always Always Always Always Stopped
2 hiweek
Flow rate (ml/min) - 600 600 600 600 600 600
! Alr A ' i I\
Influent " Nitification Sedimentation v DY a1 Sedimentation

Air
Prior Cell Tube Reactor

{Anaerobic ar Asrobic)

filuent

Cot I

Tanl]

-

A

@uent

3
570N

Tube React

Return Sludge

(a) Run 2.1

Fig. 3.7 Experimental processes of Run 2
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Fig. 4.1 Effect of air flow rate on oxygen transfer

effective coefficient (k)

G2

ok

<

|

pot

-
Z _Cw
f-“—_—
p !

/r».

Air

,/i

Gas permeable membranc

|
:
i
{

Bulk water

CCy) : DO concentration M/L%1

Cw  : DO concentration of bulk water {M/L3]

"Cs : Saturated D9 conceniration under atmospheric pressure
P(x) : Gxygen partial pressure in tube {M/LT%] [(#12)
Pa : Oxygen partial pressure of atmosphere {M/172)

D : Diffusion coefficient of molecular oxygen [L2/T]

@4 @ Liguid filn thickness in gas permeable membrane [1)
&2 : Liquid film thickness [L)

o : Porosity of gas premeable membranc [}

Fig. 4.2 Model of oxygen transfer through gas permeable membrane
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O, BERICETSENINBICEETEREEL SN (cm/s) {100 Pa} | (cm waterhead)
o . 40 10.3 L6 1.6
¥7. Fig. 3.2 OEREBEZHNWTROIKELESE |40 15. 7 3.6 37
Rl & F o~ TN OB KEOBIRE, Figd7 1o g0 19.9 5 1 59
Y. [AHEBIRFSECBZROEIZETZHE [0 95. 7 7.4 7.5
BTINF—E, ZOFg. 4.7 OREERWTIHEY
%,

= T oxio
= Cr o
E S o/
o 5 47 /
3 w o °
s 2 B &

© 2
" = @ﬁﬁeo
.g 5 O .«-—'@‘[/ ! | t
5 0 2 4 6 8
= Average fTlow velocity [em/s]

Fig. 4.7 Relationship between average flow velocity and waterhead loss
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4. 3 AL FHRUBEADERIICHITHREHEER

DESIEEE S LU ERES
4, 3. 1 BEE4HAEHM

AT RIS AEEST o — 2R LB E,
F o — TEICIHSEEAICR U TEIRSER S N
%, BT TREBHEGLESITIE. ESEHE
OEYRENER SN, LY T LOBEEEE
HEE L= HBETE. LB AR E NS,

A ARG OB R BN ORRE TR BT 8. Table-
4.2 [RTERSMETERET L. BB TORESR
BEIHEZ RO, Fig. 4.8 1. MAZERIREICHT
BEREBEONREE, ERIEEER LU
BIOEYEN WIS LT BRI DWTRY, ah. &
MR L TH D, BERO DO BEIR0 L

DT, ERBOD, EYRENREL TR
% (Fig. 41 OF—%) ITDWTH Fig. 48 R/ 0y
cL7z. '

R EOSRRENL, WCHIEAEORSIT. &
PIEDITVE IR TRE S oo, TOBEOWH
fiz > R BRI, WEEEEE LU T 100um
CHEETHAHERRE LIS TS, —4, EE%
SERETE OB, B EERREEEME T L.
INSOEEE, YRS L BRI B
AEEBEIDOTT ) Fig. 4.9 ZHNWTHEHAEINS,

Table 4.2 Experimental conditions for measuring oxygen transfer rate with biofilm

Substrate Substrate Coneentration | Air Flow | HRT | Water
influent Effluent Rate Temp.
[mg/1} {mg/1] fml/min} ({0} §(°C]
Organic ToC TOC
Substrate 44 - 55 21 - 2% 20 4.8 20
'NH4+—N
Inorganie NH N 6.4 30, 45, 60 5.5 20
Substrate 4% when Air Flowi] 80, 95
Rate was 95
nl/min
£ 3.0E-03
@
&
Hg, 2.5E-03 —E 5=100 m
o T OE e 5 =155 41 11
o
2 5 2003 @ Without biofilm
o~ ,
S B With nirifving bi
% £ 15e-03 With nirifying biofilm
. A With heterotrophic biofilm
L X
@~ 1.0E-03
e .
i}
“ —
s 5.0E-D4
)
o 0.0E-+00
0 50 100 150

Air flow rate {mL/min)

Fig.4.8 Comparison of oxygen transfer effective coefficient (k) with or without biofiim
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- DO OEERIETF 2T N5, FEEORERED
SThi. EYERE T, FNEhowEZBERER
AW FHABIC K> THBEIT A & &bl £YiED
REBIR K-> THEEEND, Ok, Lt
FHUIEEOEBEBREIL. HTREE &b EDBIC
L OMBEHRELEETDNENSD.,

LETAT, ZKODOBEEIL0 me/l, THoZ &
5, Fa—Tfih S EiE SN EBER S EMIEIC IS
BERIHBRIISE L, &, R K AR
AR ENES, FEEICBITABRESEIRIIZL
AEBRTEDREBE o7 &G, BEEOBENE
B, EUROBREERBIC L > TRESND ZE
i72%, IOk, SAEREEEL COBET Sy
7 A N(O2) (gO2/m2 ONE, BTSSR0
BRSO 1 |, (g02/(m® 4) L MR IEAH TN B4
YIRS Oy(m)ZHWTREA7)OLDITEIND,

N(Og =r, s ‘ 4.7

= EREMEE L TR B LTI &
(4.2)ZHMEEDD Cw=0mg/L. = LT,

N({O2 =D Cs/dw 4.8
dw : REEES (m)

C{y)
S{y)
4 Kl
. //// j:’_._".':-'.'. ! 3
Cs-P(x)/Pa 0 S I
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é-———._.

02 7
A
e o N
N |
P{x) / SRS >y
| 2 A
St

Air Biofilm Bulk water

Gas permeable Liquid film

mambrane

${y) : Substraie concentration [M/L3]

Fig. 49 Model of oxygen transfer through gas
permeable membrane with biofim

RCHIEAEOEAITEL T, RE7BLUHE.8)
TEENDHET T 97 ATELWEED 6, Ldw D
BAfRIL, Table 4.3 DHEZE A5 & Fig. 410 DL S
12iRB,

PR 400rpm OEHEMHIBINT, RERES
155 um (Fig.4.5) THLHI &5, b
ZRWEEEINE. EEMIRE S 80um BLED
BEIT, BHREE 400pm L EOBEBERIRIMES
NBZENDNS, '

2.5E-04

2.0E-04 \

1:5E-04 \\
1.0E-04

T

| tquid film thickness {(m}

5.0E-05

0.0E+00
0.0E+00 5.0E~05 1.0E~04 1.5E-04
Nitrifyirig biofilm thickness {m)

Fig. 410 Relationship between nitrifying biofim
thickness and liguid film thickness having the same
oxygen transfer efficiency

— 4, [EREREYREOYE SIS Fig. 4.10 LRz
BUASHRTB0%, r OIS0, JEE 100um
DEMRRIT 900 1 m OUEBES |OHY T A EEERE)
PhREHTHITIEED, HFIBIC L SEE R ER)=
L EIHRIIASNEEZ NS, T, R
FRAYIEOB X IIEHRET Lomm IZEICREL
Uiz Z &ing, AEEEI YIRS TEREE T,
Y OLEIT D B EEE AN L, EUCk
D, BFEBEREMET U I ENELENS,

BLEDZ &S, Fa—TnERk\OBESENERE
ERELTHICE BbEDEEMERSERRTS

LENETHSEEALND,

Fod, BMLHIEES & ORI ORI,
FnEnRe) BLURG10)THEEINS,

ARG L B I RS

NHy¢* +20z — NOs™+ 2H* + Hz0 (4.9)
RS 1 R DB LR
4(H) + Oz ~» 2H20 (4.10)

e e A e T
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Table 4.3 Maximum oxygen consumption rafe and saturation constant of heterotrophic and nitrifying bacteria

Heterotrophic bacteria | Nitrifying bacteria

attached on the tube Nitrosomonas Nitrobacter
Maximum oxygen consumption 1.8 8.020 , 2.3 20
rate per unit mass (g02/(gMLSS d)) 52
Biofilm density (@MLSS /L) 12.3 . 32.520
Maximum oxygen consumption 2.2x104 1.7%105
rate per unit volume of biofilm
{g02/(ms3 d))

4. 3. 2 HERESMH

B2 AW TEBA T FAROUEETH
BE, EERECRITS TOC DRISEET, Table 4.4
OFBIRT ISR ES ol i, SUETHE
ol e & BRI (Piclure 4.1) AMBESRELR
D, #RICF a—TEaRATREE Ao T2, &
YR EFBES B2 Z LRI/, TNEDTZL
5, SANEREITE RIS & AV e
IEBRTERNERE L .

Picture 4.1 Predominant flamentous bacteria on gas
permeable membrane supplied with organic synthetic
wastewater

Table 4.4 Effluent TOC concentration and TOC removai rate of gas permeable membrane reactor

TOC Concenmtration  TOC Removal  HRT

of Effluent Rate
{mg/1] [g-C/w2d]  [h]
with Heterotrophic Biofiim 21 2.6 4.8

o it A L A S W A R e W T e B A e e e e e e o e o o e A e e A AR R A Mk e e e e

with Nitrifying Biofilm
Simultancous Nitrification 18 7.0 L5
and Penitrification

Kio, MEOBEEERELSTHD, MEREON RS (R@.9) L&DERAMKNT. @412
B IrF o — T EEEN T TROIMB SR T 5 5% DEHITIRD,
ICDWTHRE L. OB, BEREORLEIS
R OERLE NOsN 2HERINIANS T LEITX BHEsEIC L B RERIG

D, BB XUEEDREFTIBOTHD. Fa NOs~ +5(H) - (1/2)Nz+ OH ™+ 2H0  (4.11)
~TEEIL, T, NHoN 2EEE & U Sis _ |
Ik DA SR S B, Tk & B ORI

Iap RERNIREANDLICRIND N5, NHgt+5(H)+202 — (1/2)Ne+H*+4H0  (4.12)



14 AR

KERSME Table 4512, AKERREZ Fg. 411158
T, TOC & T-N MEIFICEREE N, UEREILTOC
TH 18me/L. T-N TR 21 mg/L, &7xo7z,

BONKEHBENSEHR U LBERY EEE,
TOC - Ki-N BRE#E%: Fig. 412 125773, =70,
TOC - KjN OBREEEI. Th-enOmEDseemk
EZEELT, MUY HHmERICREL, 4k
PLRE U THEA LT TERRLE. ZORMG, £
ENABEBTIRETHIBERL LiC, BTEEEK

N BIUTOC) AEINTHB T & 2,
BERBENR & Ky NIREENZIFEL W &0%hs,
INEDOIEMNSE, HEINEEBRRN KN Oz
fEREN, £ L7 NOsN R TOC OEIZER XN
HUEREE (Fig. 413) PEILTWABOEHERS
N5,

Table 4.4 O FEEZ, TOC BE L TOC OEkEREH

FRTHE 200 5

BERT, REBEEERNEE ST, Wb
AT S SRR EEREA A E VD, TOC Ok
HEL 25 fFEEKE LR TS,

BLEDZ &M, HEEYIEE FOIM S B 0uE
T ZZBNTIL, SR iG SRRk
WRJRETH 2 T &AM BT,

UL, Fig 412 10RT L3I, BEDSRRET DI
DITHEENR L, Fa— 7ﬁ>b®%ﬁ§@1ﬁ
BEbid Ui, Z3Ud, BAEEO BIEREINS
BEEYEDT D, BEEREAD NH OB H
BEINDTHHEEZ NS, BITIRL TWi
Vs, 86 HOOMEEDERIZIE, BEROBENEED 250,
M DICETE TR L. ZOZEnD, ARNBEORE
BB A R E EDOIE. RbREO Ricsk L
TR AR DIE X AEFEDLD f;&%ﬂ%@z:} > b
OB TH S,

Table 4.5 Experimental conditions for simultaneous nitrification and denitrification treatment

Water Temp. 20[°C] ! Air Flow Velocity 25[en/s]

Tube Volume Fraction 6[%) Air Pressure Loss 7(cm Water Head]
HRT 175[k) 1 Air to Water Volume Ratio 3.3[-]
Stirrer Rotation Rate 200[rpm] E

r—

% Influent
40:\/\*”\

g
‘ Effluent
£m|
O ! : i |
O 20 40
Time {dl

-

™

£

Z

N

e

%ﬂ =

; s |
= O ‘
O 20 40
Time [d]

Fig. 4.11  Result of simultaneous nitrification and denitrification treatment
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Fig. 4.12 Comparison of oxygen transfer rate with Ki-N - TOC removal rates of simultaneous nitrification and
denitrification treatment
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4. 3. 2 Wb BHENGECHITAEYEED b
Oo—-J

BLEIED LIRS e EORE 20
ROV T B, FRE (Fig. 3.1) ROKRZESIER
WEOBITTF 2~ TTEUKEIT D FRICDOWTIRRL
7z, TEE. EEMEOMEET - THEA 0BRSS
HEOERZE, Fig 4.14 1TR7.,

FEERIEERD &t ko T, BMESEEEL, %
HOEMENSIHET T2 500, 121F 15g0 ,/m?d)
T—fE&Trol, 2B, AR 1 B EONEK

IR SR 2 myl EERET HOIRDS

NS, FOBL BREINEEEE - TR T R
TEEO 1L T THo7, T, REEYIROHEE

WBBIFTHYD, BCRENTF o — T ERICHE L TR
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7o _
okl L AEmERO Y bo—-IVERL. BEBO
ERLE SRV B ST ER RS S LER
5B, Aok T, Bukid EOREEEEIC X
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Fig. 4.14 Change in oxygen transfer rate when  biofilm thickness is controlled by water spray
(T : Water spray to slough off denitrifying biofilm)
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4. 4. 1 KB ORE L R

(1) FARPREEONEADEE

TR A TF o — 7 R A B -SEE
BRI (Fig. 3.3) 1ICDWT, ~RUVE TS L
THFEEREEAE L Run 1.1). AT TFAMBEDRE
R (Fig. 4.12) SOERERDD, $oKicks4E
YIEOFBERMEM T - 7. BlESHKEEE
EAWTBRECERER L UE TSR (KN, COD,
HeS) Bl (BRiiE) 2EHL. BT
EHEITDOWTII KGN, COD, HaS ZJEIcH#E5 15T
Forl, HEEfT o7 (Fg. 4.15),

JiEEBEAATE 2 B HE I, BESRRMENE S KN B
FHEEMNIFELL, F P—I OB
EREENRBEREREEERESEI TWEZ &5,
Fa—Th bR NEEES NHeN OG5
EN. BTIUTK S TER L NOsN ASE-ORE
IRIA S NS UBEEANSE L T &8 2 5B,
Linb, 4 HEHERHL. BRBESENEEICLENT KN
BREHEDMET L. e b= OB TFHLE5450E
B ORRSEE S FREICETE T L,

COFRAELT, —RUETKFO 88 RO DS
WEZLHND, [UNBBIERIGHO X S/ yRagi
FRICBWTIL —RUETFRFD 10pm BLEORFA

RV N 2 S i Ny e a5
BROBRE EBIZ, BRUSRTFONSRIEaEn s
UTERIZEER I NS ZEMHLMTENTNS
22, KERICBW TS, FOXDRitEsglc L2 F
TRREFOBRER S HHY) NHe N OIEHAEDTWED
EMEZ 505, 738, 11 HBURICEB RS E e

KTFLTWAD, ThidHEEyEOmE oS-
EBIT, BT DL DT, KN TA SN SisE
(10~15mg/LEE DHSICE B b0 EEL NS,
PLEDZ &G, —RIOLE TR E SRS BIER
THUHETSHEITE. TARFD 8S R Eiss~<F
DERET DB DD,
(2) B8 2B LB
TARED 88 B ETFORET DM, TIAFy
7 AW ETHR L -5 A8 A S AE R I O
BTRRBL (Fig.34), YEZEIT-7- (Run 1.2), Z
OIS AEREIC X O, —RALEKD SS JEEE 1 33 mg/L
GEE) 13 21 mg/l, CEY) IETFLAE. &2 B/
121 EHEEE, [RERIER S DF o — T RO HL,
BUKIZ K BB RO FBEHRER T /-,
AR T O 2B SRS BN B S OB T
Bff (KN, COD, HaS) MesE% Fg. 4.16 10RT
(FRAIENL Fig. 4.15 S FIER) . BBRBEREEIZ KN
BEEESIHFELL, BN, COD & HS b
BrERTh Tz &hnn, Bl - SR L,
(e, EEMOBEL B E L Thiho/nZ EAMEX
NB. LinLaAs, S TR 2SR LT
ETA, ARRCERE I N-SAEEEF . — 1Rk
P RE L TS D% N, ‘
738, HeS ZEBFHREARE U, (4.13)
DEIITib,

8NOs~+5HzS ~ ANz+5S02+2H+H,0 (4.13)
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Fig. 4.15 Comparison of oxygen transfer rate with electron donor {Kj-N, COD, H,S) removal rates when reactor
is supplied with primary effiuent (Run 1.1)
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Fig. 4.16 Comparison of oxygen transfer rate with electron donor {K-N, COD, HS) removal rates when reactor
is supplied with filtrated wastewater (Run 1.2)
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Fig. 4.16 [CBWT, EghEmIChHZ DSl -
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HEMER EOMIEHEOINE, BIUN R

K E DR FE B IEERETo 72 (Run 1.3).
SARBEIET o — T ~OBUKIC L B IS RO FIRE
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FEEOENCT ANE S O A% (RELELR
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Fig. 4.17 Change of organic matter removal
efficiency of each reactor {(Run 1.3)
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Picture 4.2 Sulfide oxidizing bacteria grown on gas Picture 4.3 Filamentous bacteria growth on gas
permeable membrane in the 1% reactor (white parts) permeable membrane of the 1% reactor (thicker parts
of biofilm)

Picture 4.4 Treatment condiion of gas permeable Picture 4.5 Membrane covered with nitrifying biofilm

membrane in the 2nd reactor (2nd reactor)
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Fig. 421 H.S concentration of filtrated wastewater and in each reactor (Run 1.3)
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Fig. 4.41 Gas permeable membrane process2
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SNPEL R I OMAFERE R, Run 1.312817 % 494,
63 d DEHHEE S, 72750, SIREEIREE 1
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Tz, B2« 3MONIEER 2 2R ONEERE
E95,

« CODer fEXE, SEEEhs. KAZLD BOD
EGITEETS,

B y=(x — 15)/2
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© 2) Process 2

- QLEESEB LOVLERAE R IY. Run 2.1 OFH{ER
And, 7270, AR 15CIEN T, afE
EREOMBEREELY, Run 2.1c DEFHETT B &
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4.14)
(4:15)

(3) BEICBWDILERE
B/ DITEME LT Process 1 B&UL Process 2
DUERGES, Table 4.6 BXU Table 4.7 ITRT
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Table 46 Assumed performance of Gas permeable membrane process 1 basedonRun 1.3 {mgfL)

Influent Plastic Tube reactor | Biological
media filter aerated filter
S8 28.9 184 112 29
BOD 60.9 1526 27.5 11.7
S-BOD 38.2 38.2 1183 94
K-N 27.2 233 106 133
NOsN 0.0 0.0 06 5.6
Wat, Temp. | — - 15.5 154

Table 4.7 Assumed performance'of Gas permeéble membrane process 2 basedon Run2.1¢  (mglL)

Influent Prior cell Tube reactor | Nitrification cell | Efftuent
88 128 - 90
BOD 185 - ' . - 7.8
S-BOD 93.5 35.3 14.6 2.9 3.1 -
KN 22.7 . 171 5.7 1.2 1.6
NOsN 0.0 102 0.0 4.7 4.7

4. 5. 2 WMBIOERAOMNE - EEEY

SUEE T T A DAREE - JEERH (Table 4.8 BLU

Table49) 3. LLFOLIITEREL .

(1) SEBBERIAEOUESEHE

1) 8
F o — T RERFNORIKEL, Fig. 47 ©

P S EAKEHOBRER L TRD, F

o — T RZEE OBETE M Table 4.1 5 0.98kPa
(10em KEH) &5,

2) Process 1

- SEFEEBFINME HRT 13, Run 1.3 OFERSEH
INF o —~TFEER 6%, HRT 4.2h THDHZ &
5, 1.8h &T53,

IFRMEARO HRT 12050 £5°5,

3) Process 2

- SRS M HRT 1. Run 2.1c DERSRME
F 2 —TFEEER 1.96%, HRT 10h THD., =
7=, 15CICBW TEARRREORER - 0 L
HESESCETTD 805, 2h &T 5,

- MLSS ##1Z 2,000mg/L &9 5.

- FIERE LiEE SR/ HRT 3 3h &9 5,

(2) HeESEES T A OISR

1) ERERETE

- MLSS 83 2,000me/L &7 2,

c IF L3 ¥ DOHRT I 6h &9 5,

2) tEEERE R

« MLSS 213 3,000mg/L &35,

- BGICREIFEY 7 ASRT i38d &L, &%
BE 20%ET D, THICHRAKESREZNA T,
R 27 HRT 23R 5,

BRSO AOEREBIVERRSY >
HRT 1%, #& Process DA - LBVKEIZL DE
BY5, '

(3) HEEZEEE

EEOEEL. Bl PERER T S IR RN
BAEHLUTEEL, T7L—a  OBREEEREE
% 15% & LT, NBELREERD D, 738, BEBOD
kD PERBERBR. BELMETRH
0.45kg02kgBOD. FFEMEAKTIL 1.0kgO2kgBOD
E9B,

ABREICN o T, EEEEEREE S KE LA
NEESHRDIZDIT, Processl BEU Process 2 DIF
Sx 0 GFEMESER, i Bt “Cﬁé{ bZE
frEFinsr—205ETI.

(4) HBRSY IR

MERY 7 OEALE AL, 5 WmReactor
volume &T 5324,

(5) &% - 18R TEh

ETEEE B JINEARERI LB TB
Bk E S FREORSIZ 140 kd/ms £ 524,

_82;_
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Table 4.8 Assumed ireatment conditions for Gas permeable membrane process 1 and compared two processes

Process Conventional | Recycled Gas
activated nitrification/ | permeable
 sludgeprocess | denitrification | membrane | (no nitrification
Parameter Process process 1 | in aerobic tank)
MLSS mg/l. | 2,000 3,000 -
Aerobic | HRT h 6 3
tank Ae/Flow ratio 1.9 3.3
Diffuser depth m 5 5
Recycle & return 05 24
sludge ratio ‘
Anoxic | HRT h
tank
Tube HRT h
tank Water head loss | m
Air/ Flow ratio -

Table 4.9 Assumed treatment conditions for Gas permeable membrane process 2 and compared two processes

Process Conventional | Recycled Gas
activated nitrification/ | permeable |
sludgeprocess | denitrification | membrane {no nitrification
Parameter Process process2 | in aerobic tank)
MLSS mg/L 2,000 3,000 2,000 12,000
Aerobic | HRT h 6 10 3 3
tank Air/Flow ratio 38 7.1 3.6 29
Diffuser depth m 5 5 5 b
Recycle & return 05 2.3 05 0.5
sludge ratio
Anoxic | HRT h
tank
Tube HRT h
tank Water headloss | m
Air/ Flow ratio -
4. 5. 3 EBIRNF—OHHK X517, WRIEAREIA - O A& CHET

LR RN B2 008, F o T RIHEA

BB T a8 EEEHE DR
kb, BRSO X OB RILF—

(Table 4.10, Table 4.11) .

(1) Process 1

ﬁ%@ﬁ%ﬁimﬁf@{%ﬁzmwﬁz TR
DIEDOTZNF—PRDT/IEL, Fiz, T
NF—EEOETH, EEEEEREOLY L— 3
S IFNF—ETES,

FHERIS 29 i

EEHLE

% & R ET S BARVWITFEE A REROBEITI
W T 3L F— SRR IEEIRED 23~61%IZHH]
XD, T, FEEOIIESKE THEZT DD,
HFE A RO LA T X 7% Process 1 & TEER
(LRSS IE% LS 2 &, Process 1 OB FILF—
IR L EED 15~26% TH D EERME

53z,

ZDESIT. Process 1 TIRSEE/AHB LI F—
UBEEHEAME S FUAY, TOOMmE LT, IRERIEK
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Ol SR S L amiME<. Bk BOD - KN
D 51%. 53%ASARFERIRE S BV TIREENT
WeZ &, BRI THUTHE- T, BEROIFKIEASR
KM BEEINNSho =l LT 515,

(2) Process 2

SRR O - SRR R R T 5 &,
Process 1 &FHEICELRRENESNSN, Yok
ARAKTHRT % &, (REENBRE L FERE (90~
120%) OEE TR F— &7 DEtERRAE SN,
—F, fERAR SRS O T, BEI R
—d 38~51%ITHE X IUT Iz,

ZDEHIZ, Process 2 TIHEEEEEERIEE DO

HRIFFATE S 200 &

BICBOTHERIESASIVRNOR, AT RENSR
E Ll 0ERE<. KEFERRFICHETO BOD
IREENEERD 12%I2EEF>TNB I LM &
LT ains, GEMAROIEE A EDEEREBE
DR TS AEE Lo THRY, Ihigs<
DEGEPVEE LU ENERTH S,

PLEDZ &G, SORERIRE AW LRI BN
THE TR F—HIERRERD S0, WAT
KOKERH LD, BERFBRTEEEEYZE
WIEERRTIRE L. R ER R AT R RS
AFELNLICTHIEIMETHHEEA NS,

Table 4.10  Comparison of energy consumption between Process 1 and existing two processes {kdfm®)
Process Conventional Recycled Gas
activated sludge | mtrification / permegble

Energy requiring process denitrification | membrane r (no nitrification
unit operation process process 1 ! in aerobic tank)
Aerobic tank Aeration 134 233 85 28

Recycle and 70 336

return sludge
Anoxic tank Mixing 126 \
Tube tank Air supply 7 7

Mixing 12~89 12~89
Total 104~181 47~124

Table 411 Comparison of energy consumption between Process 2 and existing two processes  (kJfm”)

Process Conventional Recycled Gas
activated sludge | nitrification / permeable

Energy requiring Process denitrification | membrane (no nitrification
unit operation process process 2 | in aerobic tank)
Aerobictank | Aeration 269 502 255 205

Recycle and 70 322 70 70

return shudge
Anoxic tank - Mixing 30
Tube tank Air supply 6 6

Mixing 19~138 19~138
Total 350~469 . | 300~419
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