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K EZFE Sustainable Development

e ERHYEK » A EERATRmnE]
KHIRET]
Development that meets the needs of the present without

compromising the ability of future generations to meet
their own needs.
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a ) Bt & Bk B3 E B (Sustainable Development Goal, SDGs)

N 0 IR0 GO0D HEALTH QUALITY GENDER CLEAN WATER
POVERTY HUNGES AND WELL-BEING EDUCATION EQUALITY AND SANITATION

il

DECENT WORK AND 10 REDUCED
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13 ACTION 14 BELOW WATER 16 ANDSTRONG 17 FORTHE GOALS
SUSTAINABLE
DEVELOPMENT

GCALS

B MRS WEMARS  BEBRESRITT

2L

BB © B A NS K R R T B B A e

L R AN T - U - ARERRIER
Il N = = &




A & -HE R -7K #45 (Food-Energy-Water Nexus, FEW Nexus )

SRR EERIREITZERT OK ~ R R Z2RVRR(A © Bk EEIBRIEA TR (The

Water, Energy and Food Security Nexus: Solutions for the Green Economy) )
- FHRER ~ BRRERUKRE =E @GR | ZEEERER  BOHER - Bk
[ S8 B i = R B

H R ESE (KZEE /KB E-FER-RIE#SS (Water Security: The Water-Food-
Energy-Climate Nexus) )

B - B RO RIS « IR AR IR

BPERETRE (H5ARREJREZE (World Energy Outlook 2012) )
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HHERTT (FLBEEJE(thirsty energy) )
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BEE (HF/KEFEZREEHE(World Water Development Report \ WWDR) )
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A | B &-FEJE-/K 8% (Food-Energy-Water Nexus, FEW Nexus )

/”N
Global ’ ’Economic disparity
governance failures \ i

‘ Food security btz A Water security

Chronic shortages - drag on growth

Food crisis - Social unrest Water crisis - Social unrest ;
‘ Water intensity of Geopolitical I
Energy security SEMZY, PIOCIONON conflict
Energy intensity Chronic shortages - drag on growth Energy intensity

of § production : d
MO Energy crisis, economic damage, of water production

social unrest

Population and Environmental
economic growth pressures




| 18 &-AEJE-7K 8845 (Food-Energy-Water Nexus, FEW Nexus )

Action Fields

Society

Accelerating access,
integrating the bottom 4
of the pyramid 4

Economy
Creating more
with less

Environment
Investing to sustain
ecosystem services |

\_

perspective
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Governance

Enabling
factors|
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Global trends
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| 18 &-BEJE-7K 845 (Food-Energy-Water Nexus, FEW Nexus )
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The goal of bridging FEW Nexus
is to optimize Food, Energy and Water
security.
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Nexus relations and impact indicators

Influences from climate change

l Scenario analysis and verification

Project 4

Resource use
efficiency and total Tools Development

Identification of
Elements and
Indicators

Risk and Uncertainty
Management

solution

g |

Distribution of

food crops
and bioenergy
crops

y

Decision and policy making
at administration level
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‘ U N C H (Climate Resilient Urban Nexus CHoices: Operationalising the Food-Water-Energy Nexus)

/ ' Year 1 Year 3
2018.04 Southern-on-Sea, UK 2020.04 Miami, US
2018.09 Gdansk, Poland 2020.  Taipei, Taiwan
2018.01 2019.04
:  Funded by the Belmont Forum Year 2
¢ CRUNCH- Climate Resilient Urban : 2019.05 Eindhoven, Netherlands
: Nexus Choices: Operationalizing the 2019.10 Uppsala, Sweden
® Food-Water-Energy Nexus ®

CRUNCH 1%t Meeting in UK CRUNCH 2nd Meeting in Poland

CRUNCH 4t Meeting in Sweden

Oct. 16-17, 2019

L4l CRUNCH

The Food-Water-Energy Nexus




| FEWESEITIZE B

Climate Resilient Urban Nexus CHoices (CRUNCH)- Operationalising the Food-
Water-Energy Nexus

International Multiplier Cities

Glasgow Miami

IDSS Platform

+ on Integrated Nexus Solutions
4 and Green Infrastructure \

Taipei

“\

FOOD /
/ URBAN HEALTH |
|AND WELL-BEING IN|

- COMPACT CITIES

\  Airquality, green
\ spaces, green roofs

Water sensitive Urban
design and Urban water
harvesting, Wastewater
and Storm-water

Urban food production
using Hydroponics
and Robotic Urban
Farming

A\, and NBs facades /
\ ~— /
\ /
\ ENERGY /
fat \ /. MN
Citizens Involvement  ~_ Renewable Energy ~  Transferability and
(co-creation) . | Organic waste and Food | ~ monitoring

waste, Biomass for
anaerobic digestion

Southend-on-Sea (UK) Eindhoven (NL)  Gdansk (POL)

Uppsala (SWD)

Urban Living Labs to be developed, based on principles of the Circular Economy.

sTEHE
A1 B FEWEE SR LA T B

# M4 EE = (Urban Living
Labs, ULLS)

Southend-on-sea (FL[E)
Gdansk (1)

Miami (EE)

Eindhoven (fa7[5&)

Uppsala (fiit)

Taipei (&)

BIUBSARTIELG ERSEE

MR RARIT TR
Integrated Decision Support System

tool, IDSS
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Futekeng Environmental Rehabilitation Park
Taipei Urban Living Lab

2 JIJJ'A‘J}Y

JJ JJ.IJJJ-‘JJI

4s.

e o “ . .\.’
It was the first sanitary landfill faciliiy i’n Téipei e
established in 1985



structing a sustainable water resources and green

ergy technology pilot zone No extra energy
No extra water

 Exploring natural-based solution Low impact to landscape

Plant microbial fuel cell
Bio-filtration basin

Rain garden

Permeable pavement

15




Constructing a sustainable water resources and green

energy technology pilot zone

A workshop in July
Facilitating connections with stakeholders

Main tasks

Participants

Providing interaction platforms for scientists and societal stakeholders for

mutual learning and research co-design and co-production.

Scientists
Government
The public
Stakeholders

16



B <3 | @ GREAT for FEW
|

< > 0O m

a é’d% Enm Asses mentT

or/(ood Energyaf¥ Bter Rexus:




xg%ﬁﬁﬁgﬁﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁmﬁﬁZ%ﬁ
w

ZEE(FO) B/ DB E S BASE(Pd) ~ $4(Pt) ~ 5
(Cu)FEEEBNF'RH 1 NiBEA K EEME
:%#E%Hmﬁﬂé)%lﬁﬂ% fir = k! nnE:bFe"*%!:iLj’E
FRESBRE WK EREHNEEEFER
%mﬁﬁﬁbjﬂﬂ’w H— PR S B EE S

l!-'l‘!ll

REsRRE

18



ETTHIBRE Z Fe°

ztf‘g A'f‘ EJZF eo N N, e
= HJ = Mag = 10.00KX  EHT= 5.00 KV
[ = < 3 > = o of .




bove-

ground reactor and the reactions.

ioninana

t

ICa

S I

<\

h appl
20

ey

IRRERORAERARRRINRENRRRRIRACRRIRRRiIANAN
i T T

resin mes

Fig. Nanoscale zerovalent metal coate

RSO S £ ORI HER Y

selinal

M

RIS B &

'
——
Sh.
BRI
B T e T e 444
(IR TINERN IR NN ARSI R s NS m s s Ra s rnnaman]
B T I .o -
Hsri-d e e L L L I T L T N T an
[asmsimamu NS IS NN SIS NSRS SRS SR A s n A a s 4
MR R R T T I n .,h.» 2 o
IR Ssasmasman
IIIRRTRIRF ssnavwamnns
HAL L L L LTI YT \\
M- L T e e T g T
Midiidil IPERIRERS - betetetetttdttedtetdetdtdedtdd
ettt 1 T2t T T L LN L L L L L G +
e T T T Ty 3
i e n e (SRR NN TURINRTRAINAT A} aA8°2
IBEINEEE, et s ns (ISR ANE SRS N S NS TS ..
IRNIEEEI SR T T T T T T
Sddtdddd bt tttrdetdtttd ettt ettt d b dd s AL L L
I T T LTI
ettt d bt tetetttdtetdetdetdtdetdtd bt bl A
W A e et ddbddddddd it bbbt IS 1
S e T T T T T TIIT - ”~
[ iRsiaana NN N NN INGFNATNEINEANT Ll
lssmmimems IFRSrSAEEIESEESARAEESAmEERD) R--
R G T 111
mrerrre tttdttdetdddddebdd i il A AL L L bl
-
= | HH -2
¥ INesae NI NS E NSRS WNW“ S I
e Mt RTINS oy = ¢
ittt T L T T T T eI T -y ()
I IS IS NS I BN AS TN RACNTR WSS W AS N r >
I M I I gt
Fedb ittt bddedbdddbddddd bt a8
bttt ettt 1 p o
- : — ,\
n S e g [ ’
T T T T - L
— IR IS AR AR AR NAT AT — ) 1 \/
~ 13 ' " R 2 - \
—_—
[ ot 1T 0
1t 1
" e nassl m — /
\ | \ -
- 3 —
1 SIS SRR b
FAINAESABRIRssmarmanw: 0
(] T T T Tt a
" NIRRT 13 -
) o
7z = a

o

\

flow of conta




RN LR KRR IE

eI fE H A (OH « ) B Rz fdk
)7 > BETABEEVEHGRNHS-N (-1I1) #5i554N, (0) -
FMBEFTA B e b A T BB T2 fBE JTRY
KRILEAESERRE (NaH,, Ti07, TNTS) » ELEFI/K
= AR B R - N R LR E B RE T Al
T A Z UK RE L& T SNESBN Z NS B M AT i
R MRS RSB D UEK T2 a L A
(B3R HREZAHRBAME - BleE mASdEEn S - 4
PNE ST R A R RN 2 Bhas - T E 25
wALatH(rutile) AR > SERCR A KRR ©




(1) Irradiation of TNTs
TNTs+ hy ———» e~ +h

(2) Surface Trapping on TNTs

> TiVOH + &' —22 » > TiVOH- UV + TNTs
=>TiVOH + ¢ ———» > TiIOH — I(I)
_________________ |
(3) Surface Trapping on PtO2 _ V + P t(
e+h

>TiV /Pt+e~ ——» >TiVPt— (a)

PtO, +4¢~ —» Pt +40 (b)

(4)Platinium surfaces
>TiVPt~ + NH; — > TiVPtH+ NH,
> TiVPtH+ NH; —— > TiVPtH,+ NH,
2NH, —— H,N-NH;
3N;Hy —— | N, [+4NH;

(5) Titanate surfaces

STiNOHe + NH; —22 &  >TiVOH, + NH,

STiVOHe + NH, —22 o STiNOH, + NHOH) PtQ,

>TiVOH* + NH,OH —22 o >TiVOH, + NHOH ‘ Pt

NHOH + O, —— + O,NHOH

>TilOH~ + *O,NHOH—— | NO, |+ H,O + >TiVOH-=

>TiVOH. + NO,~ _HO o >TiVOH, + HONO,

HONO; —» | NO; |+ H
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2 & A BiEF1%I] (Capacitive Deionization, CDI)
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Ultrasonic Frequency

10 kHz 100 kHz 1 MHz
Low Medium High
Cavitation Micorcurrents
T
Shear Forces Sonochemistry
T |

FIGURE 1. Classification of ultrasonic frequencies.



Compression Compression ~ Compression  Compression  Compression

Oscillating sound wave

Rarefaction Rarefaction Rarefaction Rarefaction Rarefaction

" 0: 000000+

Bubble forms . Bubble Bubble Bubble
grows over " reaches * collapses
many cycles unstable

sue

B 25 Me w2 e

(Leong, 2011)




WE Ultrasonlc wave

Causing cavitation, generating energy to increase
> the temperature and pressure in the bubble up to
5,000°K and 500 atm, respectively.
2. Pyrolysis inside the bubble and hydroxyl radical-

mediated reactions.

CAVITY_INTERIOR

up to: ~ S000°K
~ 500 atm

N, = 2N
0,20
S~ products

0, N, NO HO;

. OH  HO;

‘Hot' Bubble Reaction:

H,0, - Ol + H,

‘OH,,) + S~ products

‘O,

N,

t g - Produ

![KSQLU!IONMEDI T~300 K HO + 8, > Products
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Gas-liquid

Interface
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T~2000K
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Oscillating sound wave
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(Leong, 2011)




WE Ultrasonlc wave

Causing cavitation, generating energy to increase
> the temperature and pressure in the bubble up to
5,000°K and 500 atm, respectively.
2. Pyrolysis inside the bubble and hydroxyl radical-

mediated reactions.
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Degradation of PFOA

04 |

0.2 |

—@— sulfate 25 mM

—&k— persulfate 25 mM

(0]

10 20 30 40 50 60 70 80 90 100 110 120

0
Time (min)

Effects of sulfate and persulfate addition on

PFOA removal ([PFOA], = 0.12 mM; [sulfate], = 25

0.8 -
So0s
© \
——US only
0.4 1 =25 mM sulfate
——US + 25 mM sulfate
0.2
0 10 20 30 40 S50 60 70 80 90 100 110 120
Time (min)

mM; [persulfate], = 25 mM;initial pH = 4.3; T = 25 °C;

power =150 W).

Effects of sulfate addition on PFOA removal
[PFOA], = 0.12 mM; [sulfate], = OmM, 25 mM; initial pH

= 4.3; T =25 "C; power =150 W).




» Degradation of PFOA (2)

——0 mM

—A—0 mM (with H202)

—a—46 mM

—-8-46 mM (with H202)

concentration (ppm)

0 20 40 60 80 100 120
Time (min) 0 =

0O 10 20 30 40 50 60 70 80 90 100 110 120
Time (min)

Effects of US power on PFOA removal Effects of sulfate and H,O, addition on
([PFOA], = 0.12 mM; [sulfate], = 46 mM; initial pH =
4.3; T =25"C; power =150 W)

PFOA removal([PFOA], = 0.12 mM; [sulfate], = 46
mM; [H,0,], = 0.22 mM; initial pH = 4.3; T = 25 C;
power =150 W).




»&esults - sonodecomposition

:

Decomposition and defluorination of PFOA

100

w0 _:_—4:%.
: 8 60-
f % —a— US only
‘o 40 —e— USIN,
—a— US/NaHCO,
20 —v— US/NaHCO,/N,
0 , |

Reaction time (hour)



%ochemical Degradation of PFOA Using Periodate.

Lee. et. al, 2016

100 PFOA
C,F;sC00~ < o,,
< 80 < / NCOZ
Zo o ) US only . S CRyCF)CR, C7F15.+
O e = % (23)\\7
Iél: Pl only c 0, (19)
a | = T'[18) CF,,CF
z A A US+PI s CRCRICF=CE /3 2
O A T
L g L ‘ 1 2 S CRy(CR)CFH +
a, X \‘\‘\A — €O, CO,, HF
0 ‘_‘ e O RV S I ..Nﬁ 0 N /'End products
0 20 40 60 80 100 120 CFH*, CF, CF
_ Time (min)

With an addition of 45 mM PI, 96.5% of PFOA was decomposed with a

defluorination efficiency of 95.7% after 120 min of sonolysis. ] .

for



w Autocatalytic degradation of dissolved PFOA in a
permanganate-ultrasonic system.

Decomposition percentage (%)

204

e 0o 0 0 0000070

0 20 40 60 80 100 120

Reaction time (min)

60

100

80

40

A 20

0

Defluorination efficiency (%)

Hu. et. a/, 2018
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Permanganate dosage (mM)

After a 120-min ultrasonication, a PM dosage of 6 mM increased the pseudo first-order
rate constant ("k," ) for PFOA decomposition from 3.3 to 14.6x10°3 min't and
increasedthe pseudo zeroth-orderrate constant ("k," ) for PFOA defluorination from 1.5



«=$= RO agys R25 «fi= R50 s R100

% TCOD removal
-+
=)

3 4 ¥ 6 7 8 5 10 11 12 13
Aerobic diggestion period (d)

Figure 4. Effect of sono-biostimulation on TCOD reduction efficiency of
aerobic digestion (optimized sonication density 0.2 W mL™' and time 60
s; Ro Control; Rys 25% sludge sonicated; Rsg 50% sludge sonicated; Ry
100% sludge sonicated; sonication frequency every 8 h).




Figure 6. Sludge volume and morphology before and after 12 days of aerobic digestion: (1) raw AS; (2) control reactor sludge, Ry; (3) 25% sonicated
reactor sludge, Rys; (4) 50% sonicated reactor sludge, Ry; (5) 100% sonicated reactor sludge Ryo.
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NE Methods
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Anode
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Al(OH), 5,
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A

Sludge

Stirrer

(4) O

Fig. 4. Schematic diagram of the sono-EC process used in this study:
(A)Single (B) double
(1) DC power supply, (2) ultrasonic probe, (3) aluminum electrodes, (4)




W Results

_______
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_______

Flake of passive filn

Passive film

Fig. 15. Schematic diagram of aluminum anodes after different
intensity of sono-EC process.
(1)low watt(under 150 W) (2) high watt (over 150 )W



(a) 0 mg/L

100 pm
(d) 5 mg/L Cl+ 150 W
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