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The wastewater treatment system of the present invention is adapted to remove COD and nitrogenous
compounds from wastewater. The system includes a carbon-removing anaerobic fluidized bed reactor and
a nitrogen-removing fluidized bed reactor. The carbon-removing anaerobic fluidized bed reactor is mainly
adapted to transfer most of the COD in the wastewater into methane through hydrolysis, acedogenesis and
methanogenosis reactions. The nitrogen-removing fluidized bed reactor is adapted to transfer ammonium
nitrogen and residual COD in the wastewater into nitrogen gas through partial nitrification, anammox and

denitrification reactions.
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[ Z£32]) The wastewater treatment system of the present invention is adapted to remove
COD and nitrogenous compounds from wastewater. The system includes a
carbon-removing anaerobic fluidized bed reactor and a nitrogen-removing fluidized bed
reactor. The carbon-removing anaerobic fluidized bed reactor is mainly adapted to transfer
most of the COD 1n the wastewater into methane through hydrolysis, acedogenesis and
methanogenosis reactions. The nitrogen-removing fluidized bed reactor 1s adapted to
transfer ammonium nitrogen and residual COD in the wastewater into nitrogen gas

through partial nitrification, anammox and denitrification reactions.
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[ A ZEAAATE ] Wastewater Treatment System

(ciass] |
[0001] MBI —TEE KRR - RBHARI—TEE BRI
KL ERTEER AR LBRKEE R -

5] |

[0002] 724988 KeEIBERSF (O IR B e R R P
A © ST AR R RN LR A (LB (anammox bacteria) B
BRI » EACIRRREE - DR R TR A
AR AR B IR A R BB - T B AR
TERAEET, -

(0003] HE It IRRRICHIAA FARRETERER (BR o
F AR50 mg N/L) ROBEK » Horh— (B R R SRS A S L B R
18 - PR TFHEREERE R HE4e YR EEOEEIAEEN - S
R R E S A B SRR IR - BRIk SRR
S5 - —H/M820-85 mg NIL » B IR S IRE S A LR B A FA AR
55 K (municipal wastewater) « FRILZ A4+ CEEREKPHO L BB A BEE
RERZBE - SERRRES MRS ASILEB R ENTHNEE
BERIEBEE - |

1 H - 317 H(EHERAEE)
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[3BRE] |

[0004) EMUL  AFHL T E BRI — B R EREEA DS
L — R RS R R SR A N KEER -

[0005) %57 5Eme b REAM BN - AR —TBRKEERS - AL
EREKFES— SR ETERRSALEY AR LEYEESS &
KRR ARG EE— RRRET LR R IE R R — R AT LR R IES - SRS

@ iERESLE—E—B  SEE—HBEN - — B TR - —E R
WFE - —E—WEVRIES  B—ERNBEE SR > B
EREE S MRS THO > B¢ - THOSEE—hEsE
B e RSN BN E TS - BRI A —
OB NS EEEONE kD B EERICEEN S — LB
il R LG KRS — T B A S — i fhes - A AL
— BBV E T o RS B B

‘ TR T PR SR A R AL AW RSB AL - SRR
BrhE D H R —% - BN — A YR I A S — B AR
FiSILSs — A Y S B BT R e - EPBA L A DU A TR LR e A A
FAHE - BUERISH BB Hh— SR LS F RS MERE DRIl -
FRB A - RIS P AT e S R S B S Al 58 A
B - SRR EMBTFLASRRE S - ST R
£/ NA-400 mv 5 E5—HE7k 12 FA A HEH BT AR I f PR FE S8 Pafr BB K
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— TR R LU A — Pk CFREE R K © S AR SRR
LIS | R R RO RS T R e
Bk - SRR CEENE T PRI B T R LU B S
TR A TR o B LM — e — e
B 1 B EIA RN LA IR - S Ry
AT - R R A IR  BCEHALETTSBSET @
HESSILBIRBES - MESE L EALIETE B R EmEA R
TR A LSRR RN - BRI LT B R R e
ISR R E S SRR EREREELR -

[0006] 55Tk iRt ER - ASTSRR B KEIEAS -
LEBRKTE S O EREERAALEY  SRLEEERS
Bk RS OIS — AT R ES - — R LIS R R
P ARRIES - TSR R — Sk - SRS — e °

M B VORE - — SR — SR EER | BN
%ﬁ%~%—ﬁ%%§’%—ﬁﬁﬁﬁ~%—iﬁmﬁ—%—TﬁD’%—L~
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R ETRE B ENAE— S LOR— S O B
FB S S - = TR AL A B — Hk IR0
K B = SRR B S TS © B SRR — B SHk
O SRR S L - B S RS R R = L
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PR A BT « 5 S Vi TR LR AR = TR A S S v
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R SRk | R R R i — T - S
—AEBEERY - — TR - — B TRRE AN B ERNEE
B oEE S EREE ST LHOR—E - FEO Sk T
B EE — P - 5 TR R AL A = Hk CIRTHE O
K 5 B BT S R T O © B R R —
OB — SRS ERRONE Pk S ERMEENSE— FHO
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SRR RS | B — P T BRI A
RN PO T REYEATRILE | IRERE RS MRS
IR LTI RET AR L BTRRES, - REEEE AL
Eﬁ%%ﬁ%ﬁﬁ@ﬁ%ﬁ%&ﬁﬁ%ﬁ%%m%%%&%@@k  REMR
P LT A MR R T B TR 0 — BB L T
KBRS -

[0007] A THERORE KR FARAO EREER - SRS R ANR A o
SR - LS GRS SRR PR - A @
A EEE RS - |

l]ﬂ

[[E=CE R ]
[0008] ZE1ERAFEH—EHERIERER ;
[0009] Z2EBARHA—EHIINETRE - RAEMREHFFIFIRIR

;

[0010] F3ERARA—EHHIATHEEBARE - #EBAZREHE P
RIRORAIRE -
[ZhE 53]

[0011] E522RAE1E > AgTERAEHE—EHSIZEFKEERM - K
- RAUERBEKPE RN SEERRESELEY  BERE - BKE
- BRFEA—RRBRETULIRNESS 10 —REF B L FIR K EZS20 K —BRETT

5 SH 4 17 H(REREE)
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LRI FESR30 - A KEE R Z TP R EERLERKPRI SRS
) - MiEPERAFERLERKFRESENED) -

[0012) BRIRERESTCRRIESRI0BEE—E—EEL] - ZEE—SEEEN
12~ —E—ULEE1S - —E—MAFE - B—MEYEIEIEER (extracellular
enzymes) °

[0013) E—ERIIAMER B —THEEID BEEFIEF 58
— FRMRE—8—THO3 $—F - FRO2 - 11388 E—FfuiEE111

@ =5 FE—LHOINRERNE—BIMIER  £— TR 113 ER B4
BEKEA - |

[0014) ZFE—#EEFEN 1 2EEERNE —TILEZE 1] - REMBIE A RA
A (ratural zeolite) {ERE—RLABERKII2 - ML TRLUBLASIE -

[0015) HE—BEIEE -5 —EABIOB —ERE—ERABIC 131
HIEE—HEK 132 » EE— R AE 133/ — AL L 1RYIENR - S5— AR 13 1588
RE—EBOL2 » E—ILEIE 3B E — R BER 133 -

o [0016] EE—ifbFERALUKEKEHE—THOIEAS T
111 W FADME S — SR 127 — b= 111 s HAEEF—EER
EaT BB AR E—FFERMEA S —TEEDS - F—ife T
AIRREEE —IRLEEE 1 EA EHRAVEEE - FIa0fi/I7R 141 (magnetic pump)
K /BEENZR 142 (peristaltic pump ) KR » ZKIERIBENIR » B _EFARBITERTE
RS —E SRR 1280 -

[0017) EAV—EE—MEVRIENE —SEEEN12 » PrlisE—m4E

Y &L E (acidogenic bacteria) JESEE (methanogens)  BlalMethanosaeta
FE6H £ 17 H(EEEARAD)
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op. + PN B B IO & EL A NS TS e AR
T T S o R
SNBSS TR (hycrolysis ) X RETTIS B AL BT & B AV L S 1IA AR
SUEE - BRI E S % BRI (acedogenesis)
RS A B B AP b e — B 5 SRS 4 5
DHONSHEE (PIAZEE TR - TER) - ERRT S - TSI
i Crethanogenesis ) SCRETTH6 2 SR B A DROISISH: « L5 — AR
(R (L BRI B — LR » BB M (biogas) - B—EZIINE @
RS » FUAER » A SICBREA 40 my - LBBEEFHER
(BRI — (B SR - FKBRRTE - BURER THILR
R B K ST 13286+ Pk A o — S RIS B — S R e
RT3 36— Ve | PR S TS R I
fERET

[ OO 1 8 ] CaHb OcNd + (4a—b-42c-3d) HZO N 4a—b—82c—3d CH4 + 4a—b—82c—3d COZ + dNH3

(0019) BT~ RAMEILSES ey - TESMLEZIL o
chi A S — ARSI - B — S — B R G B
BTN 124 5 o REHEHID B ARTEHES IR RN e A AR Rk R
BRHOBRE SRS anacrobic digester) + # ABES00 ml - ER AR EREIE
B (MLSS) B225 gL > BATHER LT ERIERE (MLVSS) B55 oL -
C [0020) FREGEEEIERER0E—SEE - SBE S HEE

22~ —EHE=ULBIE23 - —FE =G TFE R —ESS EEIREERE24 -

F1H - £ 1T HEVRAD)
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[0021] H=EHANHESE— SIS BE=E1 865
= FBAIR—E= TRIO23 - 8= 1 - FRICI212 - 213859888 Sh kil 1
EE - AB= - FRID212 23R BIMESERImN - £=THO2131
FILUE A S — KO 1328 HEHRIBEK - 2 = FbiEE21 1 N R R AR
FREBEITIRE, - TEATRERIEHERIT - B = blEz=21 1 EALRE B AN
#4-400 mv °

[0022] % =#iAREHI 2 BEREERNE = HAER211 - ABHEHIT  H=

@ %Eﬁ%%ﬁ*ﬁzz%?i%%%‘  SRAER DU SR -

[0023)] S=ILREBEE—H=H/KO231 E=hBERRNE=EH
T » BB = PR AT S P 201 1T B
BAE S = LB S A S S VA1 17+ IR 27
Vet Eae B 2 hZe Bk - 55 =i 3 S IR | R E S - =
VL3 B SR AL R 21 | B9 AE R AT SRR - AESEIT - BRI
®1.2mm ~ PEBFLIAR~T Cinner pore size) /NfR0.1 o m ALAEFERESREE (total

@ "o sk ) 008 e ZE M

[0024] B=REBEE—H=HKO231 - E BB RNE =
QIRITES » 55 = bR 23S R T AT B S = e IS - Bk
E4E S SRS S AT E S S RAEE211 » BB REEUEE ST
Vi B B 2hZeEit 0 B TRE RS S R I T EEEE » =
LR 3 = PRAL R 21 | WA IR RIS E TR - AENEHI - SREEE
1.2 mm ~ PERFLIAA T Cinner pore size) 7/NiR0.1 um B AEEERERE (total

membrane surface area) B0.08 m A ZeERHE = o
8 H £ 17 BH(REERESD)

U R N e O £
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 [0025) £ T IR (AR SRS |0 RUBR 6.5 A (L TR FE 2R 20000
{EBER (COD) RIFPEMEYEIRRES » AEMHIL T I IR FIAET Al
o BEERKE RS — TR BRERE AR RESRREE L0 > At
L & A SRR KRN - HoF BB IR B SS 108
HETTEE (organic loading rate, OLR ) #HEMHITEL75-4.7 Ke/m'/d - FREKERETTICIR
R TESS 1089k I RRs T (HRT) B1/NEE » R AR (LB S FE S8 201 T BB &
(membrane flux ) HEFEHIES.33-12.5 LMH » R FLAR (LTI FEER 20697 TS 8
BERETAA2-3/ NS - LSmBIEEREREL 11K  BIRERA T TR - Fdy
" AFBR  (REEM IS (LRI MBS » T AFMBR | FRRIRETTRS (MR FESS
| TTSS ) FRMMEFERY 0 TVSS ) FNERILHSERY - TN, FTH
YURA » RFEIUKR TR - BT oH MO B F R B Fme/L -

HiEzk EERE (%)
AFBR  AFMBR AFBR AFBR+AFMBR

== BAH  ERUK

pH 30 7158021 7.0140.08  7.1940.]
COD 26 130838 421l 2085 66412 R4+5
TSS 12 SS31 120 23 7448 9617
VSS 12 44418 013 141 7445 9745
TKN 4 61422 4847 3447 |
el 1 42415 SI*IS 4716
THEE A 1 344 244 3+4
mRemEE 1l 0 0 0
[0026) %£—

F9H - £ 17 H(EHEHRNEE)

3
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[0027] WMIRSEREET - BRIBRETLRR R 0B RET B HER e
SR R A B ERE A FAT0-00% - SR EIRSERREE6% - ik
BRI MESR 10288 FORY - B REEA0EIRRE - UGS L
R IES01E FT RS B MEBICR AT s - JREREIE - BRI IRET LR IES 10
PUERTER A B o B T B R i AR GE  B L o S FE 222079 » EHIA
ERETT AL R FE S0 EI R (R R G - BRI — A RICOD R /TR E ke
LT 2 T 200 s AL S B B AL - R TBR B L PR I M 28 | OB BRI

@ BIEERIER0MILFSEER (specific methane production ) ZE%0.13 L CHy/g
CODrerovea * FIEIHEMEAEE50.0024 kKWh/m®

[0028)] S—AT - BREFIKRIERVEE—FE B3 - SBEH
RT3  — 5 IR - —IREEE Y - — B LR RRE M -

[0029] 25 &3 NERES—F s3] S B3I AE—5
RO —E T FBICA3 BT - FRIO312 - 313498858 — b3
5 - 5 TR 3R LA S S Hk 123 LR HEHE A -

® [0030) 5= BB R EpIEL IS — A3 | - KBTI F 2T
BB % MBI ek (bioball, AQUARIUM CO., LTD, Taiwan ) {EE55 —&kfg
32 - SRR DU R -

[0031] £ yhiE33EE—5 EABIO33 1 R —SiE Z KARIC33]
IS HEK 332 » BT EABO3EENE = FRO313 - 55 phiRiE 3315
BIEA—HERIO333 - AL AR hATE £ AR -

[0032]) BRRIEEMEA —RRI34AE g3 A B3]

A (R R E 3 ARV SIREEAMERF7E0.1-0.5 mg/L -
210K 3 17 H@IRAH)

155100818 WY AQLOL 1052001040-0
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- [0033] =itk FEER R LB KR EEE = T3 138 A — it fulz
E311 > WA DM S — SR REh 3 27E 58 — Uik =311 s HAEE A
% 55 T ERERER 32N RIS AL T ER T A8 VL33 « BRI ACTFEL
@% @E%:?ﬁ{t%%EMIEQEL%ﬁE’\J%E IR TR 35 | B R B350
IKIE - KERBIBEANR - (B EFHRATTE T 2 AR SRR RN 32 -
 [0034] EH—EMAE AEIRIENE T HEEN AT MY
SBHE - BREASELMEREEMRAEE - LR HLETTE iR LR E
BREKTNERE S HRBES  REASEFLETEEHRENET @
Rk PRI E R i iR B A B R RR B AR E‘ié@ R ERREREAETE
= Iﬁiﬂﬁﬁ%‘ S FET Bk PRITEERE B R 2D — BRI L SR/ EEFE R

[0035) % THES —UfbEZ 31 EIREAFMAEY) - WHER —tEE
311 ABE S M AERIEIESR - BEEEIEREETE - 5’}‘%563\%’5@%‘% £
BTSRRI AR - FEAE RS - PR RRTEES Rk RE Z2EEZAL
PR IR 157K BR R - LIRS Ve RAERR AT (LR R BR300V &) ®
PEERIFIEA  FERRAIRAL IR FE SR 300X ENPE B ch - E e M5 Ve R A BR
RIS E L3089 AL ES %ﬁ%@bB%&E"JET%{’HI%#ZZDT%:?EZJU N
PR BIRE EX AN ETTHETE

== fet

s ' =51

NThL 2L/min
e Eea i PR

FI1HE & 17THEGHRAS)

105100618 FEZE ACIOL ) 1052001040-0
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L MLSS : 4725 mg/L
SIRE
MLVSS : 3510 mg/L

[0036] =
[0037) #3%  #E/KEREGIRR B30 = TR I3EARLSE
TRALREZ 311 A AR RK R bR K - B0k B ZEMES KRR
TR BEAOKBIRHEFIT TR =Y Ho  TINAX PR B ER
(Total target nitrogen) * ¥ B BRAREREA - EEIRIEA - HERERRERII

@ #

28 ?}%E‘E(mg/L)' 28 J=E (mg/L)
A 2644 COD 25%16
TRRSEEEA 0£0 TSS 748
A 241 Vs n
TTN 28+5
[0038) ==

[0039] BREGULIRIERRIVEEIR - 55 EEERERI32 2 BB/ KT
B UL E3 I P RRE B RIETES —SEEREN32 LRVSE
SRS T AR I ARESETTE S MR E - BEMRIBRERESER
TASIE ; BEKASHEE — T BACI3I3PASE —FfLE=3111% - IRFIAERZ S = L5
M312 - 85 IRIE33. 2 55 " IEIBA 331 LURRRES —Hk 332 « BE5% > Bk
B I LIEE 3L RRIK SRS 122824/ N6 » RNEHEBIF @ BREGULIRR
FE2R30:2 7K /K I BB RS RN 58 1- 28 RIRF 524/ Ny » RE829-63KIRFF5 18/ N

[0040] B RELATFRIFFILURED « SEFR - SR 54

812 EH - 1THEGHERES)
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EIRE BTG E98.3% » AIER ER RIS IR E &5E93.5% » HAESR I REEANHE
RAT0%LL L + SOFAETREIRITER%LL L + THIB091% - B E AL
DEARZKIMEERERRR - E7KEERRIR24/NE (581-28K) - A B
RIGE096.1% » E/RSMEBRHEE 18/NF (829-63K) » RAEREFIHEE
99.7% ; H—AH » TINERFEZBFIERELI% » L 1REZET5.8% » SHIKHE
FEERIFEROR LI L - F55E95.6% @ ERKNEERHR24/NE (5£1-28K)
TINERRFER1.2% » K IIEERHEE 18/ (5829-63K) » TINERRIEEFE

$9£396.3% - | ¢
. ASVEGHRERT)
H 18/)\B 24/]\k§
TTN 1*l mg/L 230 mg/L
5&% 010 mg/L 0+0 mg/L
RN 040 mg/L 010 mg/L
FERREE S 141 mg/L 240 mg/L
COD - 13+5 mg/L 173 mg/L
TSS 215 mg/L 2+1 mg/L
VSS 121 mg/L 211 mg/L
[0041) =Y '

[0042] FHULF] R, » AFEAZ BREIR AR ER0E N ERE SR ARK
INEE RIFRIRARCE - AARBN SR EiEEE <« HALBREHE /7 iR s A HA R
FEZR < FER - AREERA XTSRRI ANEHEAT - BIANETW 2014298845725 74
EHth > E 6 A— 5 RIER=UR R (sequencing batch reactor) » A EIREERBEA &

2 13HE &£ 17 HEVRESE)
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K - HEE - BMEEEMNEUREREMREESMAEMNENHZEK
BGETTIREER » e RBZKIIZRRAIRER400-600 mg/L - FERE/NEERIY
BAFBRIET - 9B REIORRVE BN F sEETINERERIEEZZIB0% LA L - H
FFENBOKRE  EAERETBIRREZETIET100%RIEE & 551 » Daverey
2 A (Achlesh Daverey, Nien-Tzu Hung, Kasturi Dutta, Jih-Gaw LinChen. 2013. Ambient
temperature SNAD process treating anaerobic digestef liquor of swine wastewater.
Bioresource Technology 141:191-198) (s F 3 RSBk =t I FEME AR AR FE 5 BB 2K
@  (swine wastewater)  TEEEKEPEER T - BRAERKIIEC-T0RET EHIBE -
#IZE80% » TINEFRREEHETSKIZENT% > TEI40RE S ZEI80% - Keluskar
Z A (Radhika Keluskar, Anuradha Nerurkar, Anjana Desai. 2013. Development of a
simultaneous partial nitrification, anaerobic ammonia oxidation and denitrification
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