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Impact of Climate Change - Recent Flooding Events

KB

BRENeEwS

— Climate change: Pakistan floods 'likely’ made
worse by warming
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Peninsular Malaysia hit by '1-in-100-
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KUALA LUMPUR - The widespread Sooding seen in many states in Malaysia in the
last thres days was caused by one-in-3-100-year beavyramndall a sensor offcaal ar
the country’s Envisonment and Water Ministry zaid on Sunday (Dec 29).

~The annual raxfall m Kuala Lumpar is 2, 400me and this means yesterday's
(Saturday’s) rainfall exceeded the avezage rainfall for a month It s =
beyond expectarions and only occurs once every 100 years” the miniserys
secretary-general Zams Uang told 2 news conference. He was refermmg to randall 25
meazured by a zain gauge.

ReferTing 1o measunng stations ayound Selangor-KL, be said as quoted by Bernaxa,
that the Sextul station secorded the highest at 363mm, Gombak (247mx), Exjang

Global warming is likely to have played a role in the devastating floods that hit
Pakistan, say scientists.

Researchers from the World Weather Attribution group say climate change may have
increased the intensity of rainfall.

However there were many uncertainties in the results, so the team were unable to
quantify the scale of the impact.

The scientists believe there's roughly a 1% chance of such an event happening in any
coming year.

o Pakistan dengue cases soaring after record floods
« Going green could save world 'trillions' - study
« Satellites now get full-year view of Arctic sea-ice

In the two months since flooding began in Pakistan, tens of millions of people have
been affected, with around 1,500 dying because of the rising waters.

The intensity of the downpours saw the river Indus burst its banks, while landslides
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Impact of Climate Change — Severe Water Shortage Events
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'Moment of reckoning:' Federal official
warns of Colorado River water supply cuts

" Ben Adler - Senior Editor

16 June 2022 - 4-min read
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The Colorado River’s reservoirs have diminished to the point that significant cuts to the
water supplied to the seven states that rely on it will be necessary next year, a federal

official warned Tuesday.

Bureau of Reclamation Commissioner Camille Calimlim Touton told the Senate Energy and
Natural Resources Committee maintaining “critical levels” at the largest reservoirs in the
United States — Lake Mead and Lake Powell — will require large reductions in water
deliveries.

“A warmer, drier West is what we are seeing today,” she said at a hearing. “And the

challenges we are seeing today are unlike anything we have seen in our history.”
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d > Drought and heatwaves: How is Europe tackling unprecedented water shortages?
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Drought and heatwaves: How is Europe tackling
unprecedented water shortages? (O cowens

y Richard Good & Alasdair Sandford & Joshua Askew «

The fountains of Concorde plaza are empty in Paris, France, as Europe is under an extreme heat wave, Aug. 3, 2022. -
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Soaring temperatures and a conspicuous lack of rainfall have left many European countries
grappling with historic droughts this summer.

This is having wide-reaching effects across the region, significantly impacting agriculture, energy
production and water supplies.

But how is each European country being affected and what are local authorities doing to combat
the problems caused by these extreme temperatures?

O

France

The French government has set up a crisis team to tackle a historic drought that has left more
than 100 municipalities short of drinking water.

Trucks are taking water to those areas as "there is nothing left in the pipes®, said Christophe
Béchu, the country’s minister for ecological transition.
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Climate Change is Water Change

Too Much
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Too Little
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Wrong Timing
A A S

Wrong Form
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Wrong Quality
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Million People Affected

Dried up fishing pans in Liuwa plain

in Cities by 2100
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How to resolve challenges to “Too Little” and “Wrong Quality”?
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* Practice conservation B1T7/KEIZY
* Increase catchment ¥EHNEE/K[E
* |ncrease water supply through alternative routes

A} A

 \Water Reuse and Desalination 1H1&E{ZRE1E M.
fitok - Ik EF FFEAGRL
* Enhance water quality through treatment processes
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Singapore: A Small Island State ¥rhng: /) SlEER 3
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Population of A 5.6 mil

Land area of BEHEFR 721 km?
Average annual rainfall F£F5FEFNE 2166 mm o

Average Water Demand FE15ZE k£ :1.9 mil m¥/day
WATER - A PRECIOUS RESOURCE

A sunny island set in the sea, Singapore depends on rain as a natural
source of water. We receive plenty of rain, but we are constrained by our
land area which limits our storage space for water.

SINGAPORE HAS NO:

=< “«@ s
LARGE RIVERS NATURAL SPRINGS GLACIERS

http://www.mewr.gov.sg/topic/water-supply

Singapore was ranked first among the
countries at the highest risk of high water
stress in 2040 (source: World Resources
Institute 2015 Report)

#7015 7 20404F TH BR Ak 7k B B I EE 3R
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Courtesy from Mr Harry Seah from his presentation on Closing the Water Loop with Reuse
(NEWater) at AWWTR2019 Preconference Workshop, Singapore, 29 July 2019.



Water is a national priority 7K 2B SR{B B 18

Mr Lee Kuan Yew 66 ... (Water) dominated every

Late Founding Prime Minister of Singapore Other p0| |Cy.
at Singapore International Water Week 2008 E
Every other policy had to

bend at the knees for water
survival.
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CLIMATE
CHANGE
AND
SINGAPORE

Singapore Is a low-lying, densely-populated
tropical island city-state, We are vulnerable to
the effects of climate change and variability.
Three examples of Singapore experiencing the
offects of climate change and variability are
shown on the right.

While natural dimate variability may have played
a part in these recent events, extreme conditions
are likely to b more | and freq

due to dimate change. It Is therefore important for
Singapore to prepare for climate change.

Climate Change on Singapore

RIRBULH IR E

FUTURE PROJECTIONS
FOR SINGAPORE .,
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emperatures in Singapore have risen by 0.25°C per decade from
1948 to 2015, while 2016 and 2019 were the hottest years recorded
A warmer climate leads to the thermal expansion of the sea

and melting of glaciers and ice caps, which lead to rising sea levels, MEWR and MND (2016). Singapore’s Climate Action Plan: A Climate-Resilient Singapore, For
a Sustainable Future: https://www.mnd.gov.sg/docs/default-source/mnd-
documents/publications-documents/climate-action-plan---for-a-sustainable-future.pdf

Sea level rise befween

0.25m and 0.76m

-
g Wi
Dry Spell Heavy Rainfall A C@: i Higher greenhouse
13 Jon to 8 Feb 2010, 2011 and et i l”ll’l’” gas emissions lead
2014: Singap Plank Bloom 2013: Heavy L to larger changes
experienced o 2015: Hot weather rainfall contributed Feband e to sep Mov.jo-lam ot et
record 27-day coused a plankion to major flash flood RAINFALL
dry spell. Our bloom in the Johor events in these three
2 The contrast between the wet months (Nov
desalination and Straits, resulting in years, resulting in 15 Jom) i thy saciithg [Fali cand 3 15 Sop)
NEWater plants had mass fish deaths. significant damoge. are likely to bacome more pronounced.
Increasing trends in both intensity and
o opienie ook vl ey o S
capacily fo meef our expected as the world gets warmer.
water needs,
~ % Towards end of this century
o -]
Understanding Climate Change 1.4°C 10 4.6°C SeA L5veL _
DAILY TEMPERATURE Sealovd r projcd A
fo rise between 0.25m
The Issue Doy ot e Aat and 0.76m in the last =
projected to increase by 1.4°C fow decades of this o
fo 4.6°C towards the end of mmlm. -
The build-up of greenh ,such rbon dioxide, in th this century (2070 to 2099), compared =]
e build-up of greenhouse gases, such as carbon dioxide, in the sk b e o -
atmosphere has trapped more heat, resulting in a warmer planet. period of 1980 to 2009. 1Pl 2000 —_
"I‘%%rg ;r&g’ o" this century =

threatening our island nation. There may also be more frequent

extreme weather events. . - .
MEWR (2022). Climate Change: https://www.mse.gov.sg/policies/climate-change


https://www.mnd.gov.sg/docs/default-source/mnd-documents/publications-documents/climate-action-plan---for-a-sustainable-future.pdf

Singapore’s Water Demand — Now and the Future
AN IK T K- B E AR

Long Term Goal

Energy Sludge generation
consumption
p ’ 5000 700.000

> 600,000 tonnes/year

Supply in
Demand
NOW domestic Non-domestic 2060
457v55V Ul sector sector \,"\/a[{;. fr o 3000 |

local catchment

4000

Imported water | O R L = CELL LR L L LR Ry > 300,000
2000 @ reessseweer¥Tisssssssnnss
ln our NEWater 200.00(
up to 55%* 00
neOr D linated t 1000 gy e er g s T T T TT T s sans s nnsannsnnsssssssssssssssnnnnnsnnnssssnnnnns »
Jesalinated water 100.000
future

current
Year

Meet water demand in 2060 at

current energy & sludge footprint
| RIFEFHREFETISRER, ME20605FE I FHKTE>
https://www.pub.gov.sg/watersupply/singaporewaterstory

Seah (2019). Closing the Water Loop with Reuse (NEWater), AWWTR2019 Preconference Workshop, Singapore, 29 July 2019.

Long Term Goal



https://www.pub.gov.sg/watersupply/singaporewaterstory

Sustainable water solutions require coherent management from
the different aspects

SR YA 2 e 4 — ~—aC.T
FHEKEERAR REEZRAER S AiR—EEE
Water Treatment River Management &
IK ERIE Rehabilitation EE7K iR TE
AT E1E
Sanitation Water Reclamation

4

it A1 Rl vuri KEFIF

Catchment Management Desalination Resource Recovery
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And many more... IRBE% -
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and Water Resources
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Water is managed by a Single Ministry and a Single Agency
HEFUKAHHE > A5

<|H“L*

National
‘ Environment
Agency

_x QPUB#%.

@ Singapore
NATIONAL
WATER AGENCY
To ensure an efficient,
To achieve a liveable
and sustainable Singapore

adequate and sustainable

To ensure and secure a
supply of safe food
supply of water
B KB R ANFEZR TN B R
NS, VS ‘ﬁﬁ*ﬁgﬁﬁ’”ﬁ
il bRk R -
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SINGAPORE - WATER POLICY
FTINER — TKIBIoR

Long Term Planning Policy Innovation USereiflechneiogy,
Ri=HRE BUK BIHT i E FE

e Controlled Urbanization e Policy planning. e [nvestment in Innovative

R TIHAIR B 2 Technologies BI#T#Z#7#%

e Anti-pollut lati - e
/;qn‘,;—po ﬁ;/l)»yo/n S * Infrastructure building =

# #- ﬁ,; )Zg_g e To harvest unconventional
water resources FE &= # kK
ZIRER

Tan (2016). Water. Singapore
' ' ' :Institute of Policy Studies

Water & Economic Sustainability 7k F128 ;& v] £r4&8 14

e Market-based water pricing

BRI H9K1E
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3 Key Strategies in Providing Good Water #t/Kg=1@3
] |
N HAE L K
Desalinate
Capture every oo | 46 &
é 40

drop of water

As a city-state with scarce land, we have to

make every drop of rain count
Hitg—AW
Reuse water @

endlessly

‘Water can always be reclaimed and retreated
so that it can be used again

ANER[E K
Today, Singapore has a diversified supply of 4 different sources; Residents enjoy 100%

potable water at tap & 100% sanitation
EX, MK FEBIFENEBHELKE. FRZ52100% B 5 3KECH K E7100% B 5K @2



Closing the Water Loop F7KEIH - EARAKEIR

Treated
use
water

Stormwater management Rain Sea Treatment of used
water at 4 water
reclamation plants

‘ Indirect potable use r NVt
O ———

5 NEWater factories

m.

Direct non-

potable use
‘ P through 515km

transmission
Collection of rainfall in 4 Desalination plants network Collection of used waterin

17 reservoirs 3,500km of sewers and DTSS
-

Industries
Transmission and
distribution network
(5,500km)
Treatment of raw to
potable water at 8 PUB
water treatment plants * Re cyc I e d water
Households

https://www.pub.gov.sg/watersupply/singaporewaterstory



Singapore’s Water Supply ¥k gU7K {1t 45

OUR FOUR
NATIONAL
TAPS

Our Four Notienal Teps emsure

wtzinable and reliable water

Desalination Plant

Groundwateritt T 7k
- In other Asian countries B #8251 5¢

NEWater Factory

MEWR (206). https://www.nccs.gov.sg/docs/default-source/publications/a-climate-resilient-singapore-for-a-sustainable-future.pdf
PUB (2019). NEWater. https://www.pub.gov.sg/watersupply/fournationaltaps/newater
https://en.wikipedia.org/wiki/Bedok Reservoir



https://www.nccs.gov.sg/docs/default-source/publications/a-climate-resilient-singapore-for-a-sustainable-future.pdf
https://www.pub.gov.sg/watersupply/fournationaltaps/newater
https://en.wikipedia.org/wiki/Bedok_Reservoir

SINGAPORE’S CATCHMENTET Nt B4 52 15

| Protected Addition of Punggol and

Catchment

Serangoon Reservoirs in 2011,
increase Singapore’s catchment
area from half to two-third

201 1 E B IR UL A B BEREIKE, A4Hh
MIRR R EARE—FEmA =0 =

V N

Coherently with residential
housing & industrial development

Urban Stormwater
Collection System
Unprotected
Catchment

Marina Reservoir — 15t Reservoir in the city
collects rainwater from the highly urbanized
catchment&sB/KE- 1st W HKkE, REERTH
RIS SR F7K

Original map source: hitps://www.pub.gov.sg/watersupply/fournationaltaps/localcatchmentwater
Marina Barrage: http://www.greenroofs.com/projects/pview.php2id=1212



https://www.pub.gov.sg/watersupply/fournationaltaps/localcatchmentwater

CATCHMENT MANAGEMENT i &
Public Sewer Rehabilitation /A,.\'Fﬂ(iﬁﬂ%?ﬁ

preventive approach to minimize pollution to waterways

|II-I-I

A E SRR A

Trenchless technology minimizes
disruption and inconvenience to public,

owners and residents JERIFE AT R E R
PEAR., EFXEMERPNAETE

Used Water Leak

An example of one of the commonly employed
frenchless technology

Damage of sewer pipes may be caused by wear
and tear, ground movement and tree root intrusion

Once the folded liner is

B8 hEBENMERZN AT ST ERIE e e e pps i
Folded Liner a new leak-proof pipe within

Fold and Form Pipe Lining Method

https://www.pub.gov.sg/usedwater/sewerrehabilitation/publicsewers




CATCHMENT MANAGEMENT At o & T8

Bioretention System for Managing Stormwater Runoff

%ﬁ gﬂﬁ7‘k1§ ”ILE@E%% ;E ’%&‘E A collaboration between NUS and PUB
<# ; 1 oA & "

Expected Removal of  BIGE s
Engineered soil*? objectives in ABC
designs®

Total >80 % 45%
Phosphorus
Total Nitrogen >45 % 45%
_ TSS >85 % 80%
;:3ﬂ; :y‘}'f;;i:‘:ti":’l:’r"‘;f;”t;”"m“SS"S““"‘ P e Bioretention site filled with engineered soil* Copper >80 % -
Critical for successful functioning and cost-effective bioretention Zinc >80 % .
\ﬁt AY \ /-—- A ;\ _}_&
SVStemifmmu FHERGRAINEI TR AN EAER " patent:
Use of locally available and/or recycled materials &= 1t A] F§ #0] [=] AN ENGINEERED SOIL COMPOSITION AND A METHOD
T4 %34 OF PREPARING THE SAME (SG20130827224)
) Su-p p_o rt local pla nt growth iéﬁxi&*ﬁwﬂi E . L Engineered soil for use in bioretention system or equivalent and a method
- Within the range of infiltration capability based on local rain fall of producing the same, United States, 61/723,369.
intensity gﬁQEﬁl‘- i‘l'{_], I;%Fﬁgﬁrﬁ E"J 7‘%@ Lﬁxg {iﬁ W ZAn engineered soil composition and a method of preparing the same,

. . — Singapore, 201308272-2.
- Achieve the required stormwater runoff pollutant removal SR 3 https://www.pub.gov.sg/Documents/ABC_Waters_Design_Guidelines.pdf

KIER TR ERIIES

Innovation in Water Singapore, Vol. 7, June 2015, pg 14



Pilot test sites for Engineered soil T 1-15 AV /Rl Hb Bh

Nanyang JC

NUS High

1Guo et al. 2014. Desalination and Water Treatment: 1-7.

2Engineered soil for use in bioretention system or equivalent and a method of producing the same, United States, 61/723,369.

3 An engineered soil composition and a method of preparing the same, Singapore, 201308272-2.



CATCHMENT MANAGEMENT 37 1o} &I

Smart Water Assessment Network (SWAN) collects real time data for continuous water quality monitoring

in the reservoirs 25 ER/KFE(H RS (SWAN) WEE/KEKEIEEEDHN EREE

A result from collaboration between NUS and PUB

Five robotic swans will be used at various reservoirs in Singapore to monitor raw water quality,
announced national water agency PUB on Monday (Jan 15).

https://www.channelnewsasia.com/news/singapore/robot-swans-reservoirs-monitor-water-quality-pub-9861686



Wastewater Treatment & Management — Sustainability through Innovations

Utilizing Membrane Technology for Water Reclamation

F FH BRF#7 =147k

Secondary
Sedimentation

CWRP Process s et
Precant In wued water s K pasies M- organiv arw
ot n itrraing e ersomed s rested g8 m
i and sevobae Ohvbery water by sechmertaton
Liquid Stream Primary Sediment ition
Trested uned mater o
sofeventaton

Solld Stream

PR W |

e fiw dcrwens swmove
1enall s, and) vortex
Chamtens semove gt
. ¥ - REVERSE OSMOSIS
E: Membrane Bioreactor
] Mecr-arganisws break down polatany and orgasic matie
‘Prwert in uted water .3 FRTERAM PSSO 16 BrOdecy

| ZzzzzzZzZ |

ULTRAVIOLET
DISINFECTION

Trested wned water b porfied
15 produce NEWRe

MICROFILTRATION |
ULTRAFILTRATION

The water piises through

| treated used witer that s e brom particles
-
N Mcroscopic partides

Sudge
ST m
Wage digestion s stored
9 i B
or shickpe drjirg Buogn n coverted 5 Teeall nhdv:g:w'\nn
heclyicity g pereratens Theall fitered out at this stage.

—— s==s
EEEC
et = -
Station |
-l N Ored Siudge Storage
e s
Detive bewg 13
for ncinwoation
Shullgs brom the Anserobic Sludge
L‘::“ﬂ:'auhi:-d Digestion Sludge Dewatering
Ve b whowe Shcvmprivm do it i b i gt
L g aphree o gt . .
» PUB, Singapore’s National Water Agency: https://www.pub.gov.sg/dtss/phasel

5 Convert voldriie orgarie M
o biagar

NS T



@ Membrane Technology for Water Reclamation

FRRHTHEKREIR IEILBIEF HIEH

MBR Using Ceramic Membranes (& /5 =& H9 MBR

* Offers higher mechanical, stability, relatively narrow membrane pore size distribution, and higher chemical stability
BEARSHNEMEEMBEN, RILESHERE, KEREMERS

* Requires more performance data for its wider applicationT e 28 Z M EEHBE U B IR EE 2 IER

Average MBR filtrate quality for Ceramic MBR Case Studies Pf&MBR . .
BYSEHIMBRE & S8 EHIFFST (extracted from Koh et al., 2017) * The pilot to full scale plants showed production of

Case studies Ulu Pandan Jurong Demo | Changi MBR high filtrate quality for industrial reuse or feed to
Pilot (Kekre et al. Retrofit further advanced water reclamation processes. K #i
o BIBGUBER, LEOBILERTART
: EBFANE—DRERMKEIRTE
Evaluation May — Oct 12 Nov —Jan 15 Dec 16 —Jan
period 17 * Full scale Changi MBR could meet
Turbidity, NTU 0.1 0.19 0.04 (<0.1 the guarantee calculated specific
max) energy value of <0.5 kW/h per m? of
Total coliform <1 < 13 product water (operated at 10 days
(CFU/100 ml) SRT) with optimized chemical
cleaning regime and operatin
TOC (mg/L) 6.0 - S paramef%cersg STEE %ﬂ*;ﬂ']*ﬁéMBRT
NH-N (me/L) <01 16 0.18 (<08 BLE BB AR AT TRIT,
) RESTIR B ATEILLAEMEC0. 5 kW/h/
pH 6.7 74 6.7 m3H’\JFénn7}< (SRTA10K) HIFREE.
Koh et al. (2017). From Pilot to Full Scale: A Review of Flat-Sheet Ceramic MBR Systems for Used Water ?;I:;?Lizzi?:ae;;wgm

Treatment/Water Reuse. Proceedings of IWA-MTC2017, Singapore.



WATER QUALITY MONITO RING 7k 2 B4
Fish Activity Monitoring System (FAMS) %ﬁﬁ)ﬁﬁ] VHIR &G

| Convert
v1dc'o into | 5 Segmentation by. 5 Blob labe.“"g
series of background subtraction & counting

(a llil (h»ll n <|l 00

Send alert if | Motion
detect anomaly analysis

(d) 13:00 (¢) 14:.00

- images

" . ( glﬁ)n
Figure 2. Software architecture of FAMS " : : : ’
Figure 3, Shows consistent segmentation results over a long hour of operation,

- Live fishes, i.e., tiger barbs are used to monitor the quality of raw water and treated

drinking water. 58, BIE®RI, #HAREBEREKEEREERIHKIKE,

« Abnormal swimming patterns or fatality in the fish indicates change in water quality.

BIRNEREIRANNIETRAKEERE TEN.

« CCTV with telemetry link to 24/7 Operation Centers were employed to remotely

A= —gu NIl

monitor the well-being of fishes. Fl| A BA & S 4R Ed24/71E & hu 2 BERE, RinEAIS
HRRRER

Eng et al. (2008). A Fish Activity Monitoring System for Early Detection of Water Contamination. Singapore International Water Week, 2008.
https://www.eco-business.com/news/fishes-now-the-first-line-of-defence-for-singapore-water-quality/



https://www.eco-business.com/news/fishes-now-the-first-line-of-defence-for-singapore-water-quality/

Protecting NEWater Productlon — Deterring and Detecting

EHTJIE)S&

lllegal Discharge {REBEKEE BH.IJ:?F&E*HE’I)E‘J;

* Online 24/7 detecting the presence of heavy metals in trade
effluent discharges £ XKI& AR ERI T ZES/KHMPRIEEE
« 12BioS using loT technology 12BioS{# F ¥ B4R+ %7

175 installed in Singapore. FTEFIMKZET 1758

« Startup#J&I/2&]: EnvironSens Pte Ltd. EnvironSens

Standalon IZB oS for 24/7 real-
time water toxicity and quality
monitoring

Real-time data transmission

r (“))i ﬂ

by NB-I TI3GIAG

autosampler
I2B oS

Real-time data analysis, online

surveillance an dp warn ng
through Al enabled loT
dashboard

I_ ...... .

C II ted( ic sample hy

24



RESEARCH AND DEVELOPMENT IN
WASTEWATER TREATMENT AND REUSE

757K ER TR I [B] A $3: i ) b 32 B4 ) B




Reduction of Energy and Chemical Consumption in
Wastewater Treatment i57K i & 6E 1t Bl BEPFFE

> Combining biological process equations, big data models (;”ﬂo(":" OSS”EIOHr Patﬁ')
and Al optimization techniques to predict effluent quality %5 = 1 ©P
SEYEEEE ., KEURIATE SR EREELL 3 K

@ sensor Integrity
)7
KE Check / Soft-Sensor

» Reduction of energy cost of used water treatment plants y
through process optimisation by up to 30% . B4k /A E & i @ Proprietary

AR RREIRERERE, HIR20-30%H9 R FBEFE Holistic Model
| T © Optimization
Technology

— Predict & Recommend

— Optimize

— Save & Comply




Effluent COD (ppm)

30

Confidential

Full-Scale Municipal Wastewater Treatment Plant

X

—o+—Measured
—e—Predicted
10 -
0 T T T T T T T T T
01-01-21 21-01-21 10-02-21 02-03-21 22-03-21
Date

AR T BLS7K BRI R

Mean average 1318 11.6
Percentage error A 70 LELERZE (%)
Correlation 0.80

Model is able to predict effluent
COD accurately despite having
varying influent parameter f&EHUgE
S AERETRRIHi7KCOD, REIEK
SEEEE,



Eff TN

Full-Scale Municipal Wastewater Treatment Plant

20 T

—e—Measured

5

A% i BLS5 7K

Y

Poor DO control.

R

Issue o] B

320

High DO mixed liquor recycled back to
anoxic AR ERSRERE RERE
Glucose added for denitrification 71 E]
HIEETRIEL

High DO resulted in consumption of
glucose and reduced denitrification

performance 5 m/ SERFEREERE
2R RE AL M BE PR

Chemical consumption can be reduced

once aeration optimization is achieved

—BERBREML, TRURDHES
JHFE



Wastewater Treatment & Management - Innovations towards Sustainability

Quorum Quenching (QQ) to Control Membrane Foullng

F R R R B R R B R R 15 R T

© QQAnMBR R 3
04 . " g
QQ in lab-scale AnMBRs treating domestic . .
= " Q
wastewater BB E 5= R FEEEEEE wBl o ung . E 2
5 " . u n 1
i@ 2, 't . .
pry E 20 o - = ) -
B- Hio n o - i 0 2
co::)egcits)r ’ 3 oL e . !
Permeate 04 & o = 4
|—2_> PR i s et e el M@
Op o] mOom O =m D o = o]
0 210 410 60 80
) Piaphragm Key findings EE & :
[ *QQ extended membrane operation service period by 39-
: 135% R ERETHSME , EBI39-135%AI1E N
Anaerobic " *QQ reduced AHLs concentration in AnMBRs
tank “tank BRRREBENSHIBAIEREE
. . «QQ retarded production of key organic matters in EPS F#1&
: h C rt Bead
® :Quorum Quenching Consortiums Beads EPSch 75 HA iy A 2=

*QQ was associated to retard production of organic colloids in
supernatant of suspended biomass [&{X G B2V E4E



Vibrating Membrane Bioreactor to Reduce Energy
Consumption and Membrane Fouling

RIERFSIREVEY R R RREFEFMR SR

Phase 0 . Phase 1 i Phase 2 . Phase 3

° ° o — = 30
> No air sparging required LB ERF = :
> Reduce energy consumption B[ BEFE W |
i = o ; : }
MBR +§o, K =30 .
A‘;o“"’“‘% em"é’éoo g;\-:lf’ z 20 - / E : M
(J 7 I |
10 — | 1 1
- I I
(\Sludge v ¥ 0 —
&*&e p"o(,o Yy g 0 20 40 60 80 100 120 140
Nk % % :,'F o Time (d)
A _e §
- ?'3:.{} \gi.;,'ﬂ) .’5’\3&3’ . Phase 0 Phase 1 Phase 2 Phase 3
Mejong 4 Red
’ arging 4 ;Ef 1
\‘|S? /Te‘; ? p l ";’
| oiogo g
* OO a 2 204
£k Jm = B | =
Qel.gyl tens®

Shear-enhanced MBR systems
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Pathways to Resource Recovery during Water

Reclamation Process7k&jR

WO IE R F IR EBURTE

Membrane
Technologies

R AT

Water7K <——— WASTE

Energy

y

A

WATER —

v
Nutrients (N and P) & & (R
ProteinsZE &
Polysaccharides % #&
Lipids A5

Metal

sE B

Anaerobic Processes

REidiz

Volatile Fatty Acidf® 3514 B BFES (VFA)

Polyhydroxyalkanoate B2 & B ke ELEE (PHA)

Adsorption I M
Chemical Precipitation{{ 2270
Algae



FRESHWATER FROM SEAE KR 4L,

From Early Years to the Near Future.....

SINGAPORE’S DESALINATION JOURNEY

b' 'gapo
ater Sup

PUB, Singapore’s National Water Agency (2022): Desalinated Water:
https://www.pub.gov.sg/watersupply/fournationaltaps/desalinatedwater



CHALLENGES IN SEAWATER DESALINATION
KR E ERRUPEE

- More efficient pumps S =3 HY7K R
- Energy recovery devicesfe = BN ZEE
- Development of novel technologies

AR R

- Higher salinity=5 2 &

- Increasing pollutants
concentrations;5 2470 = & 1810

- Increasing events of algal bloom

FEZFHIES



Low Energy Ceramic Membrane Filtration Technology for
Pretreatment of Seawater Desalination

1R R FEPR 2 8 R B8 TR BR TR 1 1

1. $THEZEEK, TIREFESEENFE 2. g T SRS EEERKIE SR IR
J':l'giaﬁﬁ §K, BT REFESRENBERE ;%ﬁﬂlgﬂ']?&% 2

A — RESK  BREE  ARRLR
Ezsﬁﬁﬁ%@f o mamze (M SRR RARARA




Strategic changes and adaptation towards
sustainable freshwater supply R FFE% 7K {1 FE RO B Rg

Policy and Effective and

_ . Cost Efficient
planning B3R Technologies

b AUAAGH
S

Quality
and Supply Sustainable
B =M Sources of
e Freshwater Tf

FHEKKER
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Capacitive deionization as an energy-efficient
approach to reclaim wastewaters
for diversifying water sources
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Professor

Graduate Institute of Environmental Engineering
National Taiwan University

October 13, 2022



KRB B X BERIFTF P OV(WInnER) ()

OCross-discipline research
« Chemical engineering T
* Civil engineering

EE Rl

R - BIEBOE  IEHN B

. . . SREt REEYR R

* Environmental engineering i /‘ isafg?%%
e - BAE  BHERENA e
eOSCIGnceS Hb;lﬁﬂ(z;%ﬁliuﬁﬂ\-éig\ E}\jmiﬁzi‘mxljn

XEBEYEEE

@matn [ FERRTS

BBk RIS " BAETRERA
INFE T A7 s RiiiizEE ﬁ
BRI ET R © EmRR

e rEstE

B PR €& 2 7 5T

|
%

Ehdi

ABERehE

y 1
DY
k=113

[
11d

ﬁ:—"l
T IR




Water-Related Challenges: Water-Energy Interactions

) SUSTAINABLE ¢ s,
@) Sevitorment GELIALS | Water-Energy Nexus for

Water and Wastewater Systems

: %‘” ENSURE AVAILABILITY AND SUSTAINABLE  Ouantiications
MANAGEMENT OF WATER AND SANITATION FOR ALL of the nexus R 3. % 10.,;’_#‘
i Target ~Nz e >

‘ 2. Identlflcatlgn of
E 6 4 W water risks\. g e
. ater-Energy _,-‘ o1 Goast
) ) Nexus A% Ll . $4§S
By 2030, substantially increase water-use v 2 q 3. Dotormine
efficiency across all sectors and ensure P - f,,| Water .+ | Wastewater correlations
. . g supply treatment _
sustainable withdrawals and supply of N R O T et
; 4. Elucidation of L T
freshwater to address water scarcity and implications £ | . T o - |7
substantially reduce the number of people R IC

suffering from water scarcity. (Lee etal., Applied Energy, 2017)




Water Cycle: Water-Energy Interactions

CITIES = INDUSTRIES
=
Potable &
Industrial Water Wastewater

) &Sewage

SUPPLY

s v e

666 Treatment
666 \Vastewater/

s “ Sewage Treatment
{0.39 Desalination '
"“ Water ' Discharge that meets
@ ¢ Reclamation mandatory environmental

‘ standards
RECLAMATION

Turning
~ B effluentinto
Adopted f “s high-purity water

Reclaimed Water



Low-Carbon-Emission Water Treatment Technology

O The trend of change: from linear relationship to circular economy

Production of ..
: Use and Municipal
Resources materials and . Treatment
eneray consumption wastewater

| p N
I Energy

: \\ J
I Producti f 4 4 t 2
: Resources mra(l)telrji:II'c‘(,)gr?d Use and Municipal Resources

I consumption wastewater Recovery

: energy L . )
| , —
: Nutrients Water

| \ N )
‘L ’

O The need of life cycle thinking



Taiwan: The Water-starved Island
How Big is the Impact on the Industry (semiconductor)?

Taiwan has faced serious water threats in 2002,
2003, 2004, 2005, 2009, 2010, 2011, 2014,
2015, 2021.




Water Reuse to Meet Booming Demand of High-Tech Industry

OWater Policies for the New Century
» Water reclamation, recycle and reuse
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Water Reuse & lon Separation in High-Tech Industry

Water/resource recovery

- 1N T S

Tap water
A

Pure Water

Resource recovery
(Copper, Indium, and
Cobalt)

™
Scrubber and
cooling water
recycling

Wastewater
reclamation
(high conductivity)

" WWTP effluent

Waste water
treatment plant
(WWTP)

T Water Reuse
el /n "ha*..,_‘ D = = )




(Membrane) Capacitive Deionization

~Energ'y device



CDI Keeps Growing Exponentially ! ... |
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(Maarten Biesheuvel * January 7, 2020) (Pang and Shen, Desalination 2022)



Capacitive Deionization (CDI)

OElectrosorption of ions |
» Highly porous carbons for o Chargingstep

electrical double-layer charging Current Collector
_AC electrode

 Activated carbon
« Carbon aerogel
« Templated carbons

I:IOperatlon

* Low applied voltage

* Direct energy recovery
* High water recovery

* Low chemical usage

Environmental friendliness | AC electrode

Current Collector




Membrane Capacitive Deionization (MCDI)

Homogeneous ion
exchange membrane (IEM)

MCDI v.s. CDI
Block co-ion repulsion ~ Accumulate local co-ion B Co-ion effect ™
. B Salt adsorption capacity
> S D & B Charge efficiency(2
3 | 3 3 5 B Energy consumption (™

Compensate excess charge




CDlI v.s. MCDI

ODesalination performance of MCDI
DC = 9.1 mg/g; MDR=0.0274 mg/g-min
E, = 0.323 kWh/m3; E_, = 0.05 kW/mol;

Charging (1.2 V) Discharging (0 V)

A

Conductivity (uS/cm)

0 100 200 300 400 500
Time (min)

MDR (mg/g/min)

0.1

0.01

10-pair AC &
electrodes -~ -

—O— MCDI
—A— CDI
A > 90% %
A=~40 %
10
DC (mg/g)

(Lee et al., 2019)



Energy Considerations in MCDI

10 - |
: © | O
: o
|
— | © P .
coE CF 9;!;/,/09 ° 6
— A ¢)
s ) ,9*/?/?9/ 90q
@) /00 O
= » ,’(9/ o
> ° ‘9 *
LL ply
2 24 © RO
B o | -~ cDI* (1 mM)
i / /o --e—- CDI* (5 mM)
e / 1[ ! —-o— CDI* (10 mM)
0.1 _— ——————
0.1 1 10

Influent salt concentration (g/L TDS)

CapPure module.

Energy consumption is calculated
based on the experimental data of

*Energy consumption (2000 mg/L salty water)
RO: 2.25 kWh/m3
EDR: 2.03 kWh/m?3

CDI : 0.59 kWh/m3
(Welgemoed and Schutte, 2005)

*CDI could be competitive technology at
NaCl concentrations below 5000 mg/L.
(Anderson et al., 2010)

O MCDI could have lower energy
consumption for desalination of
brackish water or low-salinity
solutions (TDS < 5000 mg/L).



Life Cycle Assessment of (M)CDI

OAnalysis of environmental impacts

cumulative energy demand.
» Energy-related environmental impacts

were lowest for electricity consumption.
» Material and chemical uses contributed to

most of the environmental impacts.

l Raw materials Manufacturing/Operation End-of-life disposal >
: . —> Water
Water resource ) Brackish water )
(Brackish water) storage tank === > Material
l = Electricity
E ded from th
: l Pump* | ssssssssss '
Power supply
i [: CDI module  |---ccceca-- »{ Electrodes )—- ->| Landfill | i
[ watorats  [ooeeees ) |
; l 1 l ‘
Desalinated wat Brine
i torage tank torage tank
Sys d
Desalinated water . .
esalinated w (Yu et al., Desalination 2016)

a) GWP100 (kg CO; eq)

ALife cycle assessment 081

Material Chemical Electricity
Comp nt
b) CED (MJ)
10.50
8.75

Life Cycle Assessment (LCA) is commonly used
in corporate carbon footprint verification to
thoroughly and systematically quantify direct
and indirect carbon emissions.



Advancement of MCDI in Improving its
Environmentally Friendliness

Carbon footprint Overall impacts |—0 Scale-up

chemical Basic CDI-10  Improved

’_e Scale-up =
v g v
& 450E+00 +5 1.80E+03
) >
© 4.00E+00 © 1.60E+03
g 3.50E+00 g— 1.40E+03 .
= J— - | E 1o -
g Significant reduction in carbon emissions and
2.50E+00 . L. | : 1.00E+03
E 20e0 marine ecotoxicity impacts- | |
S 150E+00 £ 6.00E+02
Y, 1.00E+00 D 4.00E+02 I
o N
O 5.00E-01 © 2.00E+02
: N : B L.
0.00E+00 B 0.00E+00
|| Waste <
. - -~ & o
L
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“J BasicCDI-10 Improved

Materia MCDI-10 Scale-up MCDI-10 Scale-up
‘ o ? MCDI-40 A MCDI-40
G B Marine ecotoxicity

Add membrane and use alternative B Climate change

B Other Environmental impacts

materials and chemicals



Technology Demonstration:

Scale-up MCDI stack for water reclamation
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Prototype of the MCDI system

anion exchange membrane
hollow silicon

spacer

cation exchange membrane




MCDI-Based System for Water Reuse Bk s sat:

OTechnology Demonstration

« Water Resources Recycling
Center, North District

. Ultra Filtration

evice

Taoyuan
N
) = >
C———1
Effluent from a d u ‘ 8 Reclaimed
secondary — | i = — water
wastewater Treated UF .
treatment plant , water T 5 |permeate | |
— | | tank J o T
MBR UF MCDI uv




Operatlon MOde Deionization

Concentrate

Pump
Pump-on off | Pump-on

Charging (1.2 V) | Discharging (0 V)

Deionization Regeneration Concentrate

2500 ,
|
|
= 2000 t, |
(5] |
I |
=1500 !
> |
. — I
.E |
S 1000 !
|
2 550 psicm
MCDI stack with S 500 ~
40-pair activated carbon electrodes |
|
0 |
SZEAEA - 0 50 100 150 200 250

ERERFIER G EREBEESDIRa2(35A5516702375%) Time (min)
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(Shen et al., Desalination, 2021)



A Pilot-Scale MCDI to
Reclaim WWTP Effluents

» EC <250 uS/cm

» Energy consumption < 0.3 kWh/m3
» Productivity > 20 CMD
» Water recovery: ~80%
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Modular, Decentralized MBR-MCDI System

CONTU demo site for
water reclamation

Oincorporating
MBR and MCDI

i ' Pure
Waste ' : water
water | = = i

i Capacitive uv !

| Deionization | disinfection:

b device ! N, P
Air (> ! Recovery
| Membrane

Biological reactor

________________________________________________________________

Sludge Biochar

® Pump



Technological and Economic Perspectives of MCDI

OFrom tap water purification to wastewater in high-tech industries

% Soft Tap Water

Water Source | Hard Tap Water

ll
‘

Ultrapure Water ‘ 'Té

( Cooling Tower | ~ MCDI-based Reclaimed Water ~ High-tech
Blowdown Deionization System Industrial Plant
Wastewater |
High-tech ‘ .
Industrial Plant ' D'SCharge

—
[
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-

Mean deionization rate (mg/g-min)
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(Chen et al, Resources, Conservation and Recycling, 2022)



Modular MCDI System in Industry Application

Case: Merck
Targeted wastewater: ROR
Application: Reclaimed water for (1) RO inlet; (2) Cooling tower water

Oinlet EC: 1000-1200 puS/cm
OOutlet EC: 200-300 pyS/cm (for cooling tower/ RO Inlet)
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Reclaimed Water for Cooling Tower Water Supply (5 CMD)

— 2300 —1Inlet EC —Outlet EC
Tap water | storage Softening RO Purified water § 2000
> — . °t» RO | > = 1500 l
tank resin permeate Z
5 1000
v Concentrated § >00 LLWLLV,bLLL,LJU“LLWLLLVJJL,JULJUUU“
RO wastewater 0
reject — Ml > ° 100 Tim2 {nin) 300 400
Diluted water 100
For cooling tower 80
é 60
<
* G
= Real-time monitoring: E \L
B ° Inlet and outlet EC .
W& ° Energy consumption 0 100 ., 300 400
‘ of MCDI module = e fmin
* Energy consumption 14
: 12
E 0 of system g 1
Sung. < o8
—_ KON S 06
&y The peak power of S oa
=48 system is 660 W °2
i it 3 A@220V 0 100 200 300 400
Module design with flexibility adaptability. BA@ ) Time (min)



Take Home Message

O (M)CDI is a promising technology for low-energy desalination and
water reclamation.

O A scale-up MCDI stack has been successfully developed to reclaim
wastewaters with low-energy input and environmental friendliness.

0 Future work will be conducted:

* Develop flow battery desalination for seawater desalination
« Design CDI with selectivity for resource recovery
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