ME AR 7] 34T

E 2
E|X| = Et KOREA UNIVERSITY

Membrane
Technology




HIEE AH5/014]

GFEEN
T2{clel EkA :

Carbon

OlN
11
H
Jo

oz ETEEN o

KOREA UNIVERSITY C arb on

— ~

Graduate school of Energy and Environment

A KIST (;>
8 0| X|SHACHER (]
I 1 I GzENHSCHOOL m-':.J‘,SST En_l' _t%aul




%’EEE A[2FSF AL N GZEEN
5175 TaC EtA S S48} 5t Carbor

U F MY
|2te] Li=of
A S

TS 95t A



3 KOREA UNIVERSITY

N |0 feigm]

GFrEEN
Carbon



-\.'-
|>
[= =

T

rok
ot

N

A =010, CH7|S OlaketEra= DHHA 2.‘\

/

AT O|AHSIEIA (COL) 2| HIEE2 399 E, STE2 217
187 =4 &I}
- OEA MEHCH,) HISE2 52 7,6000E S+E2 5% 5,6008t E2=, [f7|=5 HIEL2 O\ <F
1,8202 =4 SI}
v HERQ| X|FP2LstX|= 0] &3t ERA O] 28HY
-  CIEHZ OFMSIEA(N,O) HISH2 EHA 7222 1,7008 &, E52 1,3500HFE22, 04 2F 4300t
=4 37|
K v OFARSEIAO| X[ 2LEStX|= 0] A3t ERA2| 265H]
EraZE
6CH SAITLA Z0jlM OJAHSIERA(CO2)2| AHIE S HZ3} Al7|E BE.
(Ol 4k=}ErA(CO,), HIEH(CHY), OFAt2t2I 4 (N,0), L E3HEA(HFCs), 2HE2tEt2(PFCs), SE21H2H(SFe))
|zEE

6CH 247tA Ro| SHISS A=

* LIZIZ (Net Zero)

|7t 7|=0]| HElE =elst= %‘éﬂ
(IPCC2| ‘Net-zero= CO,E X

st A= &S

=0l 0| el

St
=Hil=S M= sk 2Hd)



Cistal= 2050 EtAZE GFEEN

U
&l

ThAL ToFres s

=
1) o'"L-III '<T'5E|' Q) 2ievesay YoAl2 T L

2023. 5. 19.(&) 10:00

= Al &
SZME (5003 5. 19.(2) Azh

sf= 2023. 5. 18.(%) 14:00

ol S . — AL =

oty ©AFH 1000 HM7|& &Y
. AL H =

%7:'210 E._l'_ju\_—d;al 7|-§7“ El- %':!AI‘ZJ Z*“Al

- 27HE7IS st A73] StaZY7|2SEYYs] A4 -

S0 6 52 13, 3E grad 1000 AL7E APQ) BE

= ELAER] JjESil HEF T ook 2Ry wE

2
or 2 4 =

.
H3A EtAESE T FEA(23~27) He S

S i Mo op IR

n

A A . : =0}

T |_|' 7| ERAEE ENE SIS ERNEARS BEEUHY) ZlE |9 T £
I

=

=

EIASE T/ A



o N GFEEN
ElIA=El J|= Carbon
EFAS2! 177 £0F 100CH SH4! 7|
i
\ - '
01|L11I’“¥_’(a—357ll) \ o = /\
YT, B, £33, SEA HAIT, il l\ h.
XY, Y, ﬂx'q '5'87“ #o} ICHQ%Q E{&i |
2 (& 4470
Y, ARSI, AINE, CCUS,
AU S 57H F0f

L. DE (= 137))
TIEAEXLE XL,
SIASE MY 27 #of

LE:-238 (5 87
Hzoux|Hg 83 s
27} 2o}

5 LRAOLIX| B8 AlAH




ElA X 2/stL [ A&t 7|$ 8;55#

I s
ey O "
L HEHT

Dl (=3 t.i(CD;’)

E Ardofiia 3

oEIE
Al =]
HETEE OJMGIELA 25t 2 ﬁ

y } | % '
h "‘-' L]
=™

- SATLA IO QUIA/mEARY Raot | |
0| 204 A Aol A| &S 5235t Oh20}EIA

EoeE 8 g




CCUSe| a7|=x8

LEFYRR Thal Etkin RUT

(PFS 2 ERE R
— o a| 20230 1. 5.(2) 11:00 N . =

2 WA T gE) ma s |HE EA 2023. 1. 5.(=)

=Y =4 MEAETES e %'a“-'wzc°-4°°
EUNHZEE=ET =T FIZo EES(044-203-433
20229 U =H Y,
2P -JEF Y MNE ErE 1A 28
- 1B QIR EH 4T RS TR EE -
- 0D, AMT HELSO NG SRS X ZRE T0% 28 -

O 4G EFRL R =2 13T YLt 24 **“01 ed A U A
AA Ex2Z9 37%% 15597 CGTuzz==E £3351H, ’189x
(s8%) 01% 2] £ BRES 7130}“‘3} BEh

o §3], 229 21 oy JAAA T2P0] 227 FaE62Y, I
2449 A AT BRES ALHED 4%Zp =2 37%E 71531
=3

o 0] A 2RI - JF/F A Fopo T @oll, sU
7t & 20N 2 A1S3WES JHA L 4% 2oz BIE
o

<THA 2F EIY T’F"q (2314 F%& 83 >
-Gy e e =Ry
6,000 - - I

3,115

2018 2019

L e

GFEEN

Carbon

M5 22 2/51
CO, M7 Z& Het

[m]
=

El
=

el

: Vacuum/Sweep Gas Phase
: ‘_o OO .

*3M™ Liqui-Cel™ Extra-Flow Membrane Contactors




3 KOREA UNIVERSITY

N |0 feigm]

GFrEEN
Carbon

10



= = = 2
At HoftH EFAHS 33 GFfEEN
Ju Eo = l_I--I-H = ?_%!. Carbon
EAXEY #7|FHY .
NI_ERHE] B:::l‘ osx [ 11x% o‘::m W23
FUYE  07% \ ; °7’|:}
?i’IE;‘:‘l!}Q;ul , \ \ /j// 0.1%
aauy <§?\\
0.03% A
BREE/AR/71R) 5‘:“{!!
0.6% P
kst \\
ey FZ T YR EN
w/ﬂwma/ ' i)

. 3,000

a0

20 2,500

"C")i 2,000

S 1,500

oK

sy 1,000

il 500

zl

0j0 0

< 2015
AFA
o 7

2016 2017 2018
Sigd=

=O0f: 1.62%

s o)z \

SHS
721 1378HE

.. (Y
13.9%

HEU 718
2019 ik

04%

11



= o] GFfEEN
Eo I C02 * I: Cgrbon

The energy used to supply water to cities and clean used water is responsible for 3 - 8% of

global greenhouse gas emissions. (https://iwa-network.org/energy-and-carbon-neutral-water-cities/)
Nationally Aggregated Drinking Water Nationally Aggregated Wastewater
Carbon Footprint (kg of CO,,) Carbon Footprint (kg of CO,,)
Total: 6.45 x 10% (N=64) Total: 4.35 x 10° (N=76)
Natural Gas
3% Natural Gas Fuel Oil

11% / 1%

Electroicity Electricity
. 88%

Zib lll, J. Clean. Prod., 2021
& +X/2/: 0.46 kg-CO/m3
S}2A{2/- 0.38 kg-CO/m3
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(CHY)
screening & primary sedimatation activated sludge tank secondary HP “{2 ;
grit chamber CEHL N0 sedimentation S
inﬂuent/// o Y === effluent )
primary sludge receigng
water body
mechanical return sludge

sludge thickening

excess sludge
~ CCHgO
< L

heat and
power station

gravity sludge (CHgD
thickening XX

rhey

anaerobic
digestor

sludge storage

sludge
dewatering
effluent

dewatered
sludge

« 25kg CO,e/kg CH,, 298 kg CO,e/kg N,O

(ZX: Greenhouse Gas Emissions from Wastewater Treatment Plants, Energy Procedia, 97, 246-253, 2016)
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Mitigation and adaptation
in the urban water cycle

Energy efficiency I " \ Reuse of nutrients
f Mitigation / f Mitigation

4 Adaptation

Water

Wastewater
abstraction —A discharge

o

Wastewater
treatment

o

@

Water
treatment

Water Wastewater

distribution = collection

Water efficiency Energy recovery

f Mitigation

4 Adaptation 0 o 0

1 Mitigation

CO> (energy related) ?nil:-::gg(;::late d) 0 Climate Risks

(Source. WaCCliM (Water and Wastewater Companies for Climate Mitigation))
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Water reuse Seawater desalination

ONE WATER i

(The United Nations Water Development Report, 2014)

| E

Drainage "\ Lakes & Rivers : 0.37 kWh/m3

\ 4
Healthy > Groundwater : 0.48 kWh/m3
/ - Ve
Potable seawater / Wastewater treatment : 0.62~0.87 kWh/m3

e e

Wastewater re-use : 1.0~2.5 kWh/m3

waterway

|

Seawater : 2.58~8.5 kWh/m3

Seawater desalination is more economically
feasible than water reuse when considering the
construction of new pipe networks.
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Carbon
Country  Plant Year  Capacity : Avg. TDS [mg/lL] GAvg. i Pretreatment Conﬂguratlon Recovery [%] ERD :SEC .
[MLD] : temp. [kWh/m3]
: Feed Product : [°C] Flotation Filtration:i RO pass SWRO BWRO :Plant
Bahrain Al Dur 2012 218 47,000 2002 :28  iDAF DMF  ii Fulltwo-pass i 42 90 PT :54
KSA Sadara 2016 149 : 45,000  40° 27 iDAF UF Full two-pass 45 90 PX 4.4
Al Khobar1 2020 210 48,000- n/a 15-38 En/a n/a Two-pass 34 n/a PX §4.0
: 53,000
Kuwait Shuwaikh 2010 136 45,000 <3009 27  iDAF UF Partial two-pass 42 90 PX :iN/A
Qatar Ras Abu 2017 164 45900 n/a 25 DAF UF Two-pass 43 n/a PX §4.5
Fontas A3
Umm Al Houl 2021 282 :45900 <135 :15-37 :DAF UF  ii Two-pass i 45 90 PX 3.6
Expansion : : : T : :
UAE Ghalilah 2015 68 42,000 500 27 DAF UF Single-pass 40 - PX 53.0
Layyah 2008 23 37,400 450 28  iDAF DMF  :i Single-pass 42 - PX :4.0
Palm 2005 64 42,000 n/a 28 - UF i Full two-pass i35 90 DW :4.1
Jumeirah EER i
Al Zawrah2 2016 45 42,000 500 28  :DAF UF Single-pass 40 - PX :iN/A
Hamriyah 2014 91 :42,000 500 :27  :iDAF UF :i Single-pass i N/A - PX iN/A
[ ] single—pass RO
orar 1 a0y mpE ofLfz| ZetEol Mpp gl 27
ofzrHor2f 222y Hife| 2| 28 BWRO At& ro
SWRO OIAEI'-’é.Qf IT —
E
gl ER!
A

L] =
pEANE ey Y

Ref: J. Kim ef al., Appl. Energy 254 (2019) 113652 / J. Kim et al., Desalination 492 (2020) 114645 / IDA Desalination & Reuse Handbook 2021—2022. 22
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Technological Advancement 2 Technological Advancement 1

Energy — consenving algae A low —energy RO system using the
response pretreatment world’s best RO membrane

T T T 7 T . T T T

CF 1st pass RO

Technological Advancement 3 ;

Low —energy future

KSIRJAE S LR

3.3 kWh/m3

Demon-

Pilot
Plant

1,000« ¥ = 100,000/
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tr23l 71 W (VAEZS 93)

K&(RJAE

‘Commissioning

- Ceremony for
SWRO
- Desalination
Pilot Plant

Date: October 6, 2021
Time: 10:00 am _d4:22
Host: KORAE il
Location: Al A

.\L:';'(H, IN= O Ministry of Environ
SAMSUNG
. b W ENGINEERING

ment  JCIENTW T Tniveeya recmetogy sttute
F.KEOSONG @ LG Chemy faie ) DAEWOOESC

GFfEEN
Carbon

(~
Masdar £

Deve ment of Lov&r{werg es@yatlon Plant Technoloy Optlml@d for the Middle East
§ ‘ -

Site Lot <Al Aryam lslan fice OL4S

e R —
/Z/'J.mu.r i
(it /7# i
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T2 : 100,000 m3/d, Hx : 42,000 mg/L

ME2F CHA

2T :30C

+HOFF :85%, RO EYQA 2 : 25,000 m3/d

Pump MT(B)F Pump

GFfEEN
Carbon

cor l

UF CF SWRO HPP BWRO Permeate tank
A A i
L:I Remmerallzatlon
DAF
(contingency plan)
20 gy
?_E_

KGIRJAE vasdar & SC(WhIn) | 44848 (gl | SEC (W) | 434 gl

‘ —— oA <33 <500 | 28934 | <300

o o concLusion gy | 33 <M | 3087 | <

DESALINATION I(GME_SB@WMBI
O o B Desalination .
Research Project MeMBRANE DEsALINATION
5" International Conference on IDA 2022

(Onkne 055 via: wwhielsevierconiocate/desal

BERE ™ P LD, (IS KoRuE

Performance
Evaluation Report

7/

Innoicrie pr
'Mrvndpftl mance o the SWRO o

Desalination using Membrane Technology

~ WORLD CONGRESS

SYDNEY. OCTOBER 8 -13, 2022

14+ 17 Novemoes 2021

CHARTING RESILIENT
WATER SOLUTIONS

& SHANGHA, CHin
Doload e progranme!

54 A&

A =] == A
e
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Shortage

Carbon

Drought

Total water available
Million megalitres
2.75 JFull operating storage

0.5
0.25

Sydney’s dam capcity

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

MAJOR DESALINATION PLANTS IN AUSTRALIA

@ Perth 1 Seawater Desalination Plant (143MLD)
@ Gold Coast Desalination Plant (125ML/D)

© Sydney Desalination Plant (250MLD)

. Adelaide Desalination Plant (270ML/D)

@ Southern Seawater Desalination Plant (150MUD)
O Victorian Desalination Plant (450MLD)

oast Desalination Plant

Sydney Desalination Plant

Adelaide Desalinal iy
270ML/D

Victorian Desalination

Plant

450ML/D

27



d dli+-Bret = GFEEN
OI%OJ OH-JI\-I:I.TEI- ;ELHE C;rbon

AT i R = e J|Buslo) o3t JhE W A

o SJof| A|2S d2|5t= 4
HEC} 2of| U= HEY = Sl
et AEE A=

HAYY ML LAIE .
A LY SEX| AIXURR] 718




7155} CH|3H S48 | Oj2) 24 GFEEN

Carbon

1. 7f= e &6/

HiC}

o Jt& A 5ol thSat2] flet 2o 02 43 HA (B + A5t A2

SR et Al

+ =T
o I12 A, 7IE HAHRIRE 4 M2 AINE B23ID, DA% AN S5 884 U 2= A

- FUYESF|(SE) 10-2094704, FHEF(SE) 3587678 &A=
- 2019 World Drought Forum $AHSAF AP 44
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= \ DUBAI

CLEAN ENERGY STRATEGY 2050
Achieving financial savings
e equivalent to 3.3 billion dirhams.

—pet <compared to current operations

S AIMS TO ACHIEVE

Zero emission taxi 0 |
u-dlivmwhm s 10 . N } Reducing the equivalent ,k,k
e ' of10 million tonnes of [ — %l I
1 . carbon dioxide / E
. | % 75%
.. \, ' 25% 75%
o ' OF CLEAN ENERGY BY 2050

BY 2030

Mohammed bin Rashid Al Maktoum

Solar Park
- 201240j] A|2HEl Z2MEZ 5CH)|2 LE=0] SHIo]of|

SaEl= A 4712 35%E EfLE oA = CHA| of| M
- MIA| Z|cHe] EjE BHA F 5Lt
« Z A :77km?

A 22F: 1,560MWp (2= 3 H : 3,000MWp)
- Hiz{ HFAI :

+  Ej 92 (Photovoltaic, PV)
213218 EfjF Bk (Concentrated solar power)
- 2 oo} 5C| Z2AME F 20| $5.89ME/KWh
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HATTA PUMPED-STORAGE (= 2=

HYDROELECTRIC POWER STATION

THE FIRST OF ITS KIND IN THE ARABIAN GULF

Part of

Sheikh Mohammed bin Rashid's
development plan in Hatta

/W

To Provide
The Demand for
Electricity The Efficiency of
90-second Power Production
response 90%

75% of Dubai's total power output
from clean energy by 2050

v

Located at
Hatta, Dubai

Cost
AED1.437 billion

To Generate
250 MW

To be
Commissioned
by February 2024

Lifespan of up to
80 years

Aims to

Achieve the goals of
the Dubai Clean
Energy 2050

First hydroelectric power station in the GCC,
with planned capacity of 250MW

Suggested location of upper reservoir

UAES} 20t 42| Hajar AtaHo]f| 2| 2|5t Hatta 2| o] | x|5H
GCC(Gulf Cooperation Council) 2|=2| f3{U2A
250MWEe| AL & AZ 822 1,500MWh, Hatta 2
300m 50 ALE 45 A0l 1.3kme| #E e} =0
SEH EUIS 2FA7|0 7| F 44t

A ALEEF0| 22 A|ZICHOf| Solar ParkOi|A] ‘8 4HEl

L2 o2 § 2-8310] Hatta(31F) 2| 22 45| A2 2
Pumping3}o] Of|L{R| 2 2|2} (78.9%2] WH/AZ 58)
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