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Current used water treatment plants in Singapore
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Background Information and Figures
B B FEE

Separate sewer system

imI. NKE

Raw sewage COD: 550 - 650 mg COD/L
57Kk BEH R 550 — 650 mg COD/L
Used water : ~ 1 500 000 m3/day
57K&MEE: ~ 1 600 000 m3/day
Activated sludge process
N S AN

Dewatering Sludge: 150 m3/day
fi7KiSiEE: ~800 m3/day (20%EEE)




Priorities of resource recovery
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Sludge Others
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COD fed (mass rate) x VSS .., (%) x Electricity converting factor (%)

e PST and Bio unit: more and high VSS/TSS ratio sludge

SR EIL Y
» Digester operation: high VSS destruction E3EKE 5L
e Generator: high conversion efficiency B3 & EEH],

e mize solids return from dewatering Ji/>EI{RMR7KIR[B




Current statue of energy recovery (Version 1)
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= Mesophilic anaerobic digestion
with 40% of VSS destruction. #7
BREIEW, ~40% FERMEEIAREER

= 23% of convert efficiency
generator for electricity
generation. 23 %R & EEA,

= 0.13 KWh/m3 sewage of
electricity generation, 30% of
process energy consumption
57K &E0.13 KWh/m3, 1843 T

ZREIRHFERY30%.
= All dried and dewatered sludge

are incinerated prior to
reuse/land disposal.
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From landfill to inceneration:‘decrease of Volume
MIEEZIREIG: R MAFR
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Quantitative management:

mass flow, energy efficiency audltlng and benchmarking
SHEE: YR seRRERHITIINFFE>

Strass WWTP, Austria (cont)

COD mass flow and balance
in mass flow and balance

influent

A-stage

B-stage

- Wett B. (2011) Strategies towards

HiEaty improved energy balances of activated
effluent sludge systems -Austrian case studies, 8
Jan 2011, Miami .

33— thickener

. dewatering _ __ digester

biosolids

]
Woeit B_, Buchauer K_and Fimmil C_ (2007) Energy sell-sulliciency as a feasible concepl for wasiewaler treaiment sysiems_ WA
Leading-Edge Conference. 4 - 6 June, 2007, Singapore.



Carbonaceous flow and mass balance
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Benchmarking with Strass WWTP: Energy efficiency
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Cao et al. 2015

Nowadays mass balance is applied in daily
management in four WRPs in Singapore.




Road map: energy self-sufficient and positive
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Version 1: 0.13 KWh/m3,
Version 2: ~0.3 KWh/m3,
Version 3: energy self-sufficient of whole plant including NEWater

Solutions and Actions

" Increase biogas production by sludge pre-treatment
i Sile R

= Application of high converting efficiency generator
(ERERE AR

= Enhance pre-harvesting carbon (from 40 % to 60%)
ENETEGENN

= Mainstream partial nitritation and Anammox.
N EBERE D IECFREZ RN

= Energy generation from non-conventional carbon sources

{EFAEENIBIREBEIR



Actions for increase of energy recovery (version 2)
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Ultra sound pre-treatment:
Ultrasonic sludge disintegrator
installed at UPWRP.

10% of biogas increase

PUB

PUB

High efficiency (38%) electricity
generators in Changi WRP:
> 50% of electricity increase

PUB



Thermal Hydrolysis Process (THP)
SR RVKERTFE
e 20% of biogas increase -

e Reduce land occupation
(approx. 50%) of anaerobic
digesters |

e Reduce chemical cost of
dewatering

* Benefits when pre-
harvesting carbon and
incineration are used

° N et-energy beneﬂts HTP under construction in Jurong WRP
* Maintenance requirements



Co-digestion of O&G (food waste) and Sludge
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About 250 m3/d of fats, oils and |EERC—2ta. 4§
greases (FOG) was introduces into (B i
the anaerobic digesters in JWRP. [ %
The electricity generated from the |
biogas of FOG digestion meets
about 15% of the total energy |
consumption.




DTSS II 2025: Energy neutral/positive
(Version 3)
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A fundamental dilemma in WWT: Carbon Management
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For conventional BNR COD in wastewater
IS often not sufficient for nutrient removal
when a high standard is required, then

external carbon supplement is needed.

COD in
waster water

BNR process

Decoupling C and N removal:
Innovative BNR where COD is not o

ded. th I . . Anaerobic digester/
needed, then all or major portion Electricity generation
COD goes for energy recovery ?!!1! oo, 2016




Future Plant: mainstream PNA
geE AN EREB DB IIRE A
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A unique change for WWTPs to be energy neutral and positive !
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} 2014 Project Innovation

AL AWARDS CEREMONY AND RECEF,

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

Mainstream Partial Nitritation and Anammox (deammonification) in
Changi Water Reclamation Plant, Singapore

FhIEEEB Y%K 200 000m3/d
SKEIEHCREBRARUCRALS

The first and largest scale mainstream
partial nitritation and Anammox in the world

HARMEREAS/KEERCREaEMIRETZ

Cao et al. 2013, 2014, 2015, 2016, 2017




Final effluent data 2012: 4.,
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Three challenges to apply mainstream PN/Ain DTSS |
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= Reproduce PNA based on thought understanding
PNA in existing process

EEHFEINEREEECRERaURE LS
= Application of MBR in DTSS Il instead

AREEYD [z M ashIM AR L2

= Application high efficiency pre-harvesting carbon
process instead of conventional primary settling
tanks (PST)

= BBIRITIR L 2N R ELE




Pre-harvesting carbon and mainstream PN/A
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= Energy+ (25 m3/d) (2011-
2017)

High rate carbon pre-harvesting
process (A-stage) and short-cut
AS

= [ntegrated Validation Plant
(IVP) (1 000 m3/d) (2013-
2016)

High rate pre carbon-harvesting
process (A stage) and MBR+RO

PUB

= Pijlot study to simulate PN/A
in Changi WRP ( 25 m3/d)
(2013-2017)

' b= PUB




Pre-harvesting carbon and mainstream PN/A (cont.)
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Demonstrating scale carbon pre-harvesting and PN/A MBR: 12,500
m3/day, 2 trains with 6250 m3/day each. 3



Pre-harvesting carbon and mainstream PN/A (cont.)

BRI ERES o IAE I I RE 2R

=M AT RN
e /ﬁﬁ%ﬂlﬁ% R,
e

* Pilot scale side-stream demon
plant in CWRP (2012-2016).

e Full scale side-stream demon
in CWRP under construction
(2017).

PUB



Synergies of food waste and sludge co-digestion
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= Digester I (320 m3):
Co-digestion of
thickened surplus
activated sludge and
food waste.

= Digester II (320 m3):
Digestion of food
waste only.

PUB



Synergies of co-incineration of dewatering sludge
and municipal solids
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= Co- incineration of dewatering :
sludge and municipal solids in

nearby integrated energy
management plant (IEMP) —

" Electricity generated from

incinerator send to used water
plant

" Heat recovery and reuse

Waste to Fuel Power Plant (WFPP), Amsterdam



Energy recovery of WRPs in Singapore in 2025

2025 FBTRIFIIMR AKX se=EUL

= Electricity generation without external carbon
addition in 2025 will be 0.3 kwh/m3.

O MERIRAN, FTOREAEK 20254 e
a]1£0.3 KWh/m3.

= With food waste co-digestion and urban solid co-
Incineration water reclamation plants in Singapore

In 2025 can be energy positive.

N R R BER SRR ERER S 3K, Hil
IWEAEIK F20255 A ER E.




Singapore Approaches
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- Early and planning
REL!

« Formulate clear and high targets according to the
Singapore conditions

IRIEFTINRSE AT 2B iR

» Adopt first class international technology and best practices
X RAER— R AN IEESCE

« Invest on research and development to verify
applicability step by step

SERERAFRIFF R, —— SIS
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Towards Energy Self-Sufficient
Water Reclamation Plants

(First Edition)

RECENT DEVELOPMENTS AND FUTURE OPPORTUNITIES
FOR SINGAPORE

April 2013

Mass Flow and Energy

Efficiency of Municipal

Wastewater Treatment Plants
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Mainstream PN/A in Changi WRP
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