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Impact of climate change on water treatment
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Taste and odor issues by algal blooms
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Impact of climate change on water treatment

1,000

s v'Conc. of Geosmin and 2-MIB in raw water in Seoul
5 =00 o ore 2012 waterworks (2012. 08. 06 ~16)
s 7@ - Geosmin : 39 ~ 724 ng/L

m . .-, .
S o v' Design condition for advanced water treatment
S 00 process in Korea
]
% 200 = Parameters
@ 200 ->Geosmin 200 ng/L, 2-MIB 40 ng/L in raw water
m 00 » Design factors

° - Post-Ozone+GAC: Ozone 2 mg/L, CT 15min, GAC EBCT >12 min
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec - Pre-Ozone+F/A: Ozone 3 mg/L, CT 10min, F/A process EBCT >12 min
Ref: Waterworks Research Institute, Seoul Metropolitan Government
Geosmin (2012) 2-MIB (2012)
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Impact of climate change on water treatment

Toxic Algae issue: Lake Erie Microcystis Outbreak (Sept. 2013,

Toledo, USA)
v Toxin level: 12.76 pg/L (Max. 50 pg/L) in raw water, 3.56 pg/L in drinking water

WHO limit 1 pg/L
v' Shut down Carroll township WTP, Do not drink advisory issued - 2,288 people affected.

> $200,000/month for extra carbon treatment at Ohio public water systems due to
harmful algal blooms (Ref: Raymond, Ohio EPA)
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Impact of climate change on water treatment

Ref: UKWIR, Climate
Change Implications g
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CECs (Contaminants of Emerging Concerns) in water resources in Korea (2012

2014)
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Eco-Smart Waterworks systems

Develop hybrid membrane system for the treatment of CECs 8
Establish total solution Test-beds and secure O&M technology
Promote global Top level water companies

Int Tap

Membranes & Modules Plants & Systems Packages

Water treatment

World leading High-tech intelligent optimized process

membrane

technology water treatment system optimized for

export markets
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Project overview

Project period Budget (Phase I) Participation institutions

n $72 million

Aug. 2011 ~ April 2021 (10 years)
(Phase | : Aug. 2011~ April 2016)

(Government $42 m|II|on sl

, W= (Academics, industrial partners)
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. Eco-Smart Waterworks systems

Water Treatment Integrated Management Center

Risk Analysis and Action Program
for Countermeasure
of Water Pollution Accidents

* Membrane + Ozone/GAC/NF/UV-H,0,

* Retrofitting WTP / Water-CFD
__* Best Available Technology (BAT) program
'Small scale package system

K water
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» Optimizing pump operation
*+ Water pipe, monitoring, operation & management.
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Membrane & Module

« Membrane : The phase that acts as a barrier to prevent mass |
movement but allows restricted and/or regulated passage of one or
more species through it (Lakshminaryanaiah 1984)

« Membrane filtration : the separation of dissolved solute in liquid
streams and for separation of gas mixture

. Removal target = e
- @  Water W ey .

Ref. : http://www.lolopipeline.us EIvl A
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Membrane & Module
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s  Membrane & Module

Pressurized
system

m v KE"'" ‘ EEEEE Spiral : http://www.gewater.com/products/filtration-membranes-sanitary-food-beverage.html
e —— - SWS 757 Hollow : http://iwww.internationaltradenews.com/fibron_ag/portrait/

Industry & Technology Institute e Pressurized, Submerged : http://www.gewater.com/
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Membrane & Module
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High Voltage Power Supply
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Syringe Pump

Polymer Solution
SE-Flakes CE-Flakes

Graphene synthesis SEM image: Nano-fiber, Graphene Oxide Flat module
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Membrane & Module

Development of next generation membrane and module for water purification

1200 Water flux

Contact angle
N; 800
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PVdF PVdF/ GO 0.5wt% PVdF/ GO 1wt% PVdF/ GO 2wi%

(e) Water-flux test of PVdF and PVdF/GO 0.5wt%,1wt% ,2wt%
membrane at 0.1,0.2,0.3bar and 25C

i 25"
(d)

o 25 -
63 e | After
20 -
Contact angle measurement; (a) GO sheet (b) PVdF, (c) PVdF/GO g 1o Strength
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Membrane & Module ECONITY
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Double layered-potting

. Enhanced integrity property
. No fiber breakage

CF- C type (old type)

mew KENI

» MINISTRY OF Korea Environmental Sy, = ¥ W aFSyste m
< 2 1/3 7 > ENVIEONMENT  Industry & Technology Institute ‘—:{e'



‘Cfl'ﬁ?l'obal-elb;

Membrane & Module Ecing ":

CF module vs. New EF module (case study in MBR)

CF Series Foot print Scouring air
“ e flux W
. X 0.4m/d Continuous air
E> E X 60 EA SADm : 0.23
ul SADp : 14
HDPE ’ i
16.8 m?
Double header 400 m?/d 0.19 Kwh/m

1 1
{:ﬁ\/} EF Series 1/2 Reduced l /4 Reduced
v q flux i —

X 0.6 m/d Intermittent air

- X60EA D BT E> SADmM : 0.09
SADp: 3.76

21 m? o S T 750'm3/ld — - =
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& Membrane-AOP hybrid water treatmentes
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Multi-Barrier Membrane-AOP Hybrid System for CECs Removal
Test pilot-plant (1,000 m3/d) at Gangbuk water supply plant

e T cooon IO Yo [ v

* No Sedimentation Step * Evaluation and » Adsorption of
« Pressurized-submerged selection for incomplete
membrane combined system optimal process .
N _ degradation
flexible for water quality * Optimization of
.. products
maximize recovery rate | | eachprocess
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e Membrane-AOP hybrid water treatment

 , [ocess —

Operation of pressurized and submerged membrane systems
ak&}S (kgy/ .
& (kgi/em) Pressurized module TMP (kPa) Smeerged module
1.0 -60.0
« 2013 0 2014 22015
08 =450
1 2% NaOCI 250mg/L
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-30,0
04 -
-150
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i Membrane-AOP hybrid water treatmente;

Removal of CECs (Contaminants of Emerging Concerns) by UV and UV/AOP processes

& 5=
el UV only s UV/AOP
160 160
T Acetaminophene 0O: Caffeine o CBz o4 SMX . ; vl ;
g Diclofenac g, Naproxen o Acetyl salicylic acid o Caffeine o Carbamazepine o Acetyl salicylic acid
120 110 = 120 110
1 J— —
—— 92
86 EEEE ]
o [ 2 | a0 Z
64 Bl 64
40 40
28 25 2
7 7 13 13
0 ° 0] o 00 |:| 0 00
Raw water UV treated uv SQI4 UV 60% 3mg/L UV 80% 3mg/L UV 100% 2mg/L
2 2 2
890mJ/cm? 300mJ/cm 590mJ/cm 880mJ/cm
SMX: Sulfamethoxazole
CBZ: Carbamazepine
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éﬁ'TP‘ Membrane-AOP hybrid water treatment
rocess

n

THMFP (Trihalomethane formation/potential)

Chloroform
DBCM
BDCM
P Bromoform
fo0 . DCAA
TCAA

GAC DBAA

CH
DBAN

O DCAN NF ® O/GAC B Rw
o : A TCAN

0.02 0.06 0.08

con&hgiL)

: i 0
o Cartridgdal___ :'!!l >
Filter — o ‘
|| HEhaars -, , m Removal efficiency (%)

2 ()
W W NE Gy/GAC 48 %

Chemical Tank NF 96 %

DBCM : Dibromochloromethane ~ DBAA : Dibromoacetic acid “

BDCM : Bromodichloromethane ~ CH: Ch|°"%| hydrate -
DCAA : Dichloroacetic acid DBAN : Dibromoacetyl nitrile
0,/GAC

TACC : Trichloroacetic acid DCAN : Dichloroacetyl nitrile . 1%
- 50 TCAN : Trichloroacetyl nitrile —- -

p<Jias NF 2%
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MDGs (Millennium Development Goals)

Target 7 Ensure environmental
sustainability

Target 7.C. Halve by 2015, the
proportion of people without

sustainable access to safe
drinking water and basic
sanitation

2.6 billion people have gained access to improved drinking water sources
since 1990, but 663 million people are still without.

At least 1.8 billion people globally use a source of drinking water that is

fecally contaminated.
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SDGs (Sustainable Development Goals)

Goal 6. Ensure access to water

and sanitation for all

- By 2030, achieve universal and equitable
access to safe and affordable drinking
water for all

- By 2030, expand international
cooperation and capacity-building
support to developing countries in water-
and sanitation-related activities and
programs, including water harvesting,

desalination, water efficiency, wastewater
reuse

treatment,
technologies

recycling and
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g..mmn Appropriate technology for drinking

o water in developing countries

Appropriate Technology
* Less than 10 USD per year per household
* 4 liter of biologically safe water per Cap.

* Easy to operate

* No electricity requirement
* No recurring costs
 Effective against bacteria
» Easy scalability

« Easy to increase operation Flux by syphon
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Lifestraw Lifesaver Bottle
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GDM (Gravity Driven Membrane) system |
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)  Appropriate technology for drinking
%’ water in developing countries

“* Module spec
 Driving force : gravity
il « Membrane area : 0.51 m?2
ik « Production : 30 L/d

Permeate
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Feed inlet

Permeate
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YGDM (Yonsei Gravity Driven Membrane) system
N ’ Feed tank

Module holding tank

Permeate

| YGDMin Ca

mbodia B,
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)  Appropriate technology for drinking
%’ water in developing countries

YGDM (Yonsei Gravity Driven Membrane) system

School type

** Module spec

« Driving force : gravity

« Membrane area : 5.2m?
e Capacity : 130L

* Production : 13L/hr
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gr‘? Appropriate technology for drinking

o water in developing countries

YGDM in Tanzania
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Conclusions

* Membranes are key processes for water treatment.
* Development of new membrane and module
having high mechanical strength, low fouling and
economic feasibility is required.

*Membranes are essential for an appropriate
technology (e.g. YGDM) for drinking water in

developing countries.
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