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IWA Grand Applied Innovation Award 2014 together with
DC Water, HRSD and Strass WWTP

EEEFRESaXEftIIBfMEEDC Water,
HRSD#N B Kl Strass[E /KA IE T £/ — I H
T—E3k182014EEEFRKIAIWA) N B ElFET IR

Outline ¥24X
= Mainstream PN/A: an innovative process : E]ﬁ%ﬁﬁ%ﬁ*ﬁﬁﬁ{%%ﬂﬁﬁﬁﬁﬁ
H: — 1 eIFTRI T ZHeK
= Mainstream PN/A in Changi WRP, Singapore Eﬁlﬁlqﬁﬂ(}_E?ﬁ%Bﬁ%E*EﬁE'fﬁ
MRIRREaM
= Configuration VS AL
= Nitrogen profiling %,ZQ};?E%%;\?E
= NOB suppression and Anammox activity ﬂﬁﬁ'f*{ﬁ’f\,’ﬂﬁﬂ’ﬂﬁﬁ%ﬁﬂﬁﬁﬁﬁ
aEE
= Nitrogen fate and balance &EHI73 BCAONZ1ET
= What are the main benefits? o /8 ES
= Effluent inorganic nitrogen Hj7J(§$I:IpH
= Aeration energy H?s’ﬁﬁﬁ*%
= To try from the South part of China? ¥R A X =it

= Summary E‘éﬁ




Afundamental dilemma in WWT: Carbon Management
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For conventional BNR, carbon in wastewater
IS often not sufficient for nutrient removal

when a high standard is required, external
carbon supplement is needed.

COD in BNR process

waster water

Decoupling C and N removal:
Innovative BNR without COD A bic digester/
. . naeropic aigester
need. All or major portion COD Electricity generation
goes for energy recovery ?!!! oo, 2016




Autotrophic pathways for nitrogen removal
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Technology innovation
I EUF
* 60% of aeration saving
60 %< BEFE R
* Little carbon needed for nitrogen removal
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* Little excess sludge production
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* Decoupling carbon and nitrogen removal, which allows direct
carbon for energy generation
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» Significant saving on the cost of aeration energy and sludge
treatment and disposal
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Revolutionary changes of wastewater treatment
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Future Plant Mainstream Anammox
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A solution to conduct nutrient removal under the carbon limitation (low C/N

ratio) of wastewater in China
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Changi Water Reclamation Plant
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At the heart of the DTSS is the Changi PRIMARY BIOREACTOR SECONDARY 5-KM OUTFALL NEWATER PLANT STORAGE SILO

Water Reclamation Plant capable of SEDIMENTATION TANK Micro-organisms break down SEDIMENTATION TANK Excess treated used water not Treated used water is further  Treating and drying the
treating 320 Olympic-sized swimming Heavy particles are impurities and organic matter in  Final settling process to produce used to produce NEWater is — purified to produce NEWater,  sludge greatly reduce its
pools or 800,000 cubic metres of used settled and removed. used water. treated used water that conforms discharged into the sea. Singapore's own brand of volume by up to 70 per

water a day to international standards. to international standards. highly-purified reclaimed water. cent for easy handling.
The plant is truly an engineering feat with
advanced treatment facilities with an
enhanced biological treatment and sludge
drying facilities - a first in this region.

HEAD WORKS
Small debris is
removed by screens
with 5mm openings.

e

SLUDGE DRYER —

Powered by biogas, dry sludge

is heated to further remove moisture
and reduce its volume.
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BIOGAS TANK \
Biogas, a by-product
of digestion process,

gg:::: —o. is stored here. DEWATERING
— CENTRIFUGE
Large debris is removed. Moisture is removed from
the digested sludge.

he.

THICKENING CENTRIFUGE
Sludge is blended and thickened
to reduce its volume.
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DTSS PUMPING STATION DIGESTER
This consists of three 60m-deep shafts. Used water Micro-organisms are used to
is first screened to remove large objects and then decompose and stabilise the
pumped into the treatment modules. sludge, reducing its bulk.
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Step-feed activated sludge configuration and process
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Sampling Point

= PE fed to the heads of anoxic zones at 20% of PE flow

= RAS: 50% of PE to the head of 1st anoxic zone

= Total SRT: 5 d with 2.5 d for anoxic and aerobic each
= HRT: 5.7 h, treatment capacity of single train: 200 000 m3/d

Cao et al., 2013



Nitrogen profiling &KE GfESDfh (2011-2015)

12.0

B NH4-N ®ENO2-N mNO3-N

10.4

10.0

8.0

6.9
6.0
6.0 5.6
4.7
4.2
4.0 39
23
1.9
2.0
0.9 0.9
0. 30 4 0.30.3 0. 40 4 I
0.0

Anol.in Anol.out Ael.out Ano2.in Ano2.out Ae2.out Ano3.in Ano3.out Ae3.out Ano4.in Ano4d.out Aed4.out Ano5.in Ano5.out Ae5.out

Nitrogen concentration, mg N/L

=  Ammonium removal in both aerobic and anoxic zones
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= Robust nitrite shunt with an average 61.2% of NAR at aerobic zones

IFRXAYEREIEEER. SRR Cao, 2016




Nitrification percentage, %

Partial nitritation in aerobic zones: 2011-2012
FaEXE o EfEE: 2011-2012

NH, oxidation: 72.2% NO, ratio (NAR): 76.0%
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Nitrogen conversion microbial community
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Nitrosomonas: 5.3E+7 copies/m|

Nitrobacter sp. 3.0E+7 copies/ml|

Nitrospira sp: 0.4 E+7 copies/ml

Lee et al., 2014

Dominant Anammox bacteria: Ca Brocadia
sp. 40 in morphology of free cells

Umax: 0-35 day-1: the fastest growth Anammox
bacteria (Lotti et al. 2015)

Population (16S rRNA gene): 2.37 (+2.6) x 108
copies/g.ds

Abundance (16 S rRNA gene): 0.83 +0.18 %
(He, 2015)

Isaka et al. (2006)

Cao et al., 2014



Nitrogen fate and balance (2011-2013)

A5 EcAD~ & (2011 — 2013)

W Autotrophic conversion M conventional ditrification

Growth M Effluent

Nitrogen removal contribution through autotrophic pathways (37.5%) was higher than
that of heterotrophlc denitrification (27.1%).
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What are the advantages/benefits ?
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The primary and final effluent: 2012
R FNEREZ 7KK E&: 2012

ALK

unit COD | SCOD | TSS | TN | NH4N | NO2-N | NOZN | TP | PO4P | s | PH
Primary ~ ~
effluent g/m3 306 175 87 30.0 0 0 5.9 5.0 166 7.2
Effluent g/m3 33 23 5.6 -_ 11 DOBN | 1o 16 59 6.8
Removal % 89.2 86.9 93.6 94.3 NA NA 67.8 68.0 NA NA
efficiency

= COD: 306 mg/L, dilute sewage
= COD/N: 7.5
= ALK:166 mg/L (as CaCO3) near the lower boundary

TN < 4 mg N/L with removal efficiency of 88.3%
- 5 57T, EFRIERIX88.3%

H7K SV

Volumetric nitrogen removal rate (NRR): 0.12 kg N/m3.d

FARFRERRIER 0.12 kg N/m3.d




Effluent inorganic nitrogen HH/KFH A, 20125E3415(E

NH4-N NO2-N NO3-N TN < 5 mg/L without chemical addition !
Avg 1.7 11 1.0 BEF 5 =E5FH!
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Comparison: nitrate in the final effluent
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Almost 10 mg NO3-N/L less than conventional BNR process!
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Comparisons: final effluent nitrogen

XJEb: HKBPEAIZIYE (2012)

NH,-N NO,-N NO,-N TSIN
mg N/L mg N/L mg N/L mg N/L

CWRP 1.7+0.8 1.1£0.3 0.8 +0.2

PN/A, Train || T

UWRP

|V|LE, South 1.8+ 16 0.6+0.5

" 10.4 + 3.1 12.8

KWRP
16+14 0.0+0.1
L Phase 9.6+ 1.3

11.2

Caoetal., 2014



Comparison: effluent pH

St H7K pH 2012
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Comparisons: Aeration energy
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I Aeration energy
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The lowest aeration energy with the highest N removal:
saving from PN/N nitrogen removal
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Cao et al., 2014



Factors to make Changi mainstream PN/A story
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Residual ammonium
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transient anoxia

» BESHREHR
Short aerobic SRT
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On-line control
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Key factor of nitrite of shunt: temperature
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Dongen et al. (2001)

What is the annual temperature range in Hainan and Guandong?
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Summary B45

= Excellent nitrogen shunt due to strong NOB suppression was
achieved in the aerobic zones; Anammox reaction occurred in the
anoxic zones. Nitrogen mass balance indicated the nitrogen
removal through autotrophic pathway was higher than
heterotrophic denitrification.
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FREMAEAREX. SFERPEZEFEENNEE T 57
IR

= The annual average effluent TN was less than 5 mg TN/L, almost
10 mg N/L less than that of conventional BNR; while aeration
energy was 10-20% less.

» EPGHARENT 5 5T, HAEREMRBE D AL10 E5H.
SittFEEY, IESEEE/10~30%.

= |t is feasible first to explore application of mainstream PN/A in the
South part of China.
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Mainstream PN/A in Changi WRP
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