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Precipitation in Taiwan

Annual average precipitation
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Water Resources Allocation

# Current water resources utilization

Al  Frecpision
L 05 07 bilon bors
100%
Evaporation 21%
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2% 55% LR
L lI I
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- & Total Water Consumption
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|
| 20% | 9% 7% |

3.£3 billion fons 165 billion 1o0s 1253 (15.81] billzn tans

1
T [ vi.%
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Utilization of Water Resources in Taiwan (Average Water Resources Utilization from 2000 to 2009)

9% for Industrial Use

*Source: Chen Shen-hsien (2006) oy
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Prediction in 7 critical regions

Unit: CMD

>Changhua Central Taiwan Sciengeg
+Now : 0 £ I~
+2021 : -32,000 P
7 e
RIRE
SYunlin £ iz
+Now : 0

+2021 : -9,000

. High risk of water shortage
|:|Land subsidence

% Source : Sinotech Engineering Consultants, Inc.
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Current status and the target for reclaimed water supply

132 1 cssssmss : : 2031 Target
' T ' 1.32 M CMD
g 1.00 — 0.77 million CMD
; —
S 0O 0.80-
(0]
>
E3 .
g S 0.60 — 0.05 million CMD
S € 040 0.05 million CMD
%
3 0.20% 0.45 million CMD
0 >
2014 2021 2031
(0.42 million CMD) . . (0.79 million CMD), ., (1.32 million CMD)
Effluent reclamation from municipal WWTP: 24,965 CMD ] !
= Effluent reclamation from WWTP of industrial parks: 7,071 CMD The More Cha”englng part .
Wastewater reuse in domestic sector: 7,180 CMD
— Wastewater reuse in industrial sector: 384,803 CMD

M3 Water Resources Agency,

<= Ministry of Economic Affairs
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Capacity: 30,000 CMD

Reclamation: 21,000 CjVH

Recovery: 70%

Water Cost

" m3 = USD $0.74 / Ton
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* Remove residual matter from secondary effluent
=R _AREBEEEYE
* Not biodegradable organic, nutrients, color, inorganic matter
MEMERDBINAERY) REEYE  8E  EXE
Removal rate: BODS less than 5 mg/L
Nitrification, APO, Chemical coagulation and filtration
YRR ~ BREDAGEIE ~ IRAE ~ AOP) ~ BELEDE ~ WIRIA
Advanced  oxidation, Membrane, Ion exchange, adsorption
SARBIEE ) BB BRE » BETE N BEFRIE » A1 A
Water recycle and  reuse

KEIWEFR A ~ UF » RO ~ EDR
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Fine bubble has unique behavior !l

Fine Bubble » 3

Water pool

Ultrafine bubbles

Micro- i _

bubble B g

Submilli4 Bubble B
bubble @ T I
- | ] | | | 3 Eine?;nnff

1F-? 10¢ 10° 10* 103 102 - 5 H
Microbubble
Bubble diameter [m]

Utrafine bubble

Milli-oubble Microbubble

) —ﬁ#i%)\ﬂ?-lﬂ%ﬁ%ﬁ%ﬁ

FB I A Fine Bubble Induslnes Assocmtlan

P F e P
2*¥107 M =0.2um

SNm

"EEMEE ) BRIARNESE - 2015F " HAE
AELEAMMSIBESRS ) 1B " BlFIEA
= . - WEIEAR/NEE ERIMicro Bubble®: i,
Ultrafine Bubble °
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Reuse after Wastewater Treatment

Conventional Wastewater Reclamation Process

Pre- Antibacteria/A Desalinated
Wastewater =1 figration [ V" [T rtouing | 7] RO [ | water
P Brine

Problems and Challenges

1. High TDS >Membrane scaling
- Damage of membrane

2. Recalcitrant organics = Organic fouling
- Flux reduction - Frequent cleaning

3. Limited Recovery rate (~ 50%)

4. High OPEX ($25~30 NTD/m?3 ) = Low tap water price ($11 5 NTD/m3 )
—> Hesitation of users
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Membrane Fouling

—

Biofouling

Organic colloids, biopolymers, humic

substances Suspended Solids
MF Bacteria
(100~1000 nm) Viruses

[
UE \ / Biopolymers M.W.>30 k Da
proteins, polysaccharides...

(5~100 nm)I :
NE Humic substance M.W.>200 Da
(1~ 5 nm) Divalent ions

RO Trace organics M.W.>100 Da
(0.1~1 nm) Monovalent ions
[

Water
Trace organics M.W.<100 Da

humic

10 { substances

low molecular
weight acids

/

OC signal [AU]
>

low molecular
weight neutrals

e biopolymers

I
20 40 60 80 100 120
elution time [min]

Dissolved organics and MW distribution

Jens Haberkamp,, Aki S. Ruhl, Mathias Ernst, Martin Jekel
WATERRESEARCHA41(2007)
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Fouling Problem and Solutions

Reclamation of Second Effluent from Industrial WWTP

el w{b

COOH

Biopolymers, EPS. x,

BioNET |
Biological Treatmlbnt

——High MW
* molecules—
. Low MW

~molecules -

Increase
Biodegradability
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BioNET® Technology

- Advanced biological treatment

Large amount of microorganisms
retained in the net structure

=} :

B - -
.'::. G) E}‘ O‘Ej
D0
ey D 3,08
Porous carriers offer L1 5. O
large surface areas - @?}i

Influent
Copyright © 2018 Industrial Technology Research Institute.

8 =

Air

Full scale
e sccondary effluent
treatment plant

Features

» High biomass concentration

High capability of solid retaining
Diversity of microbial populations
Shorter hydraulic retention time
High oxygen utilization efficiency
Simple operation and maintenance
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Suggestion

&

» Membrane fouling and scaling is critical

» Appropriate pretreatment is recommended

» Reduce cost by increasing recovery percentage

O;+biological treatment to remove recalcitrant
organic contents and NH;-N

Industrial 00 5% _
Wastewater——} fj——»{£25 R S — == | == B
b, v - 1 s EDR for RO reject
e é?éfobé,ia M i reject treatment to increase
Treatment [ i ]7 Reclaimea . Water recovery
water

High reclaimed water quality U
(TOC< 500 ppb) and High water §
recovery rate (> 65%) ek

F A% NP EELE6185.54 TEL: 02-87978873 http://www.hantech-eng.com.tw



FERAILL ARG LD F
HANTECH ENGINEERING CO.,LTD

O] LT Hs T R 77

F A% NP EELE6185.54 TEL: 02-87978873 http://www.hantech-eng.com.tw



FERAILL ARG LD F
HANTECH ENGINEERING CO.,LTD

EDREBIMR T B 2B AT
(electrodialysis reversal - EDR)
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EDR i 4

- &M (electrodialysis - ED)EEF T 2F A A B EREEREE KPR
BEFIEDEIERE  KPEFBRHEZEEEEBERERERSIHVERE
7 - BV E B 4T (electrodialysis reversal - EDR) IR T & B 4T 215
BEMEIBRMEE—FDELE - IIANBERE EEBFAZE R
MAGE R EBIEFEASEan -

- BEMEAMENRIBEGAI ARG FREETFEIGE FRXBIE - MEEE
REEEHAFRIBIENSME - EINIERESZNIERA D - KB EEE
TRMOGHE - [GEEFROEE - RRERRKEEK - ZRR{EPRE
B/ -

« EDROIEPRE— & 55 i im EEAR i 14 B 18 - 1538 7K Ko 7K 2 328wl R IR i
2o - MIIERBERIE - BEBE B AR FRIBIERE st - olig
MEBIT A FIRIFIEE M KEam -

- EDIEERROEB®R IR M RITIEH (B FEMSIO2) - EDRE ¥ E
2B MAENERERROAS -
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Organic WW treatment and reclamation

---------------
" .‘

eTTTTEEREEEEEEEEE,  sessasssssssmsssssassss,  gssmsasssssmsssaan, 0 ERNNTalalaln alule),  penttTTEEEREA COOling
Raw E D : . Membrane . . T il F
=l . Denitrification : Nitrification : reated :
wastewater. = Anaerobic ->' -’ -P Filtration -" EDR : '> Water Tower
: : (Anoxic) o (Oxic) : " : - ater : ° Makeup
......................................... N Uanan00a000ao00a0c :’ (MBR) ': "-------t """"""'
gggg uS//(]:_‘mCOD T | ---------------- 10 Patents 300 IJS/Cm
e \ TW, CN, Singapore 50 mg/L COD
' Concentrate
6 A,O-MBR Patents ditharge

E D REEE ﬂ-:_[ 1 @ IJ-'_I (Taiwan, China) | |
1. BIEAARIR e
2. 8 L ERK=

3. RV EEIK RIE S RN
4. IE R

Flow rate: 1200 CMD Clean water : 600 CMD
Biological system Concentrate: 600 CMD
(A,O/MBR) EDR system

*Cost saving NT$12,600,000/year

A% NP EREL6185.54 TEL: 02-87978873 http://www.hantech-eng.42n.tw
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&

[F )28 I ilg A EL & A
(Forward Osmosis)
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IE 2B ERRR
araw soluton | I

- - draw L':
= 2 13 solute F
Forward| % - ;
| e JW Key components Regeneration
Osmosis i | Draw solute & ““"" system
z g Membrane K
,_i, * Pressure
" » Phase separation
Concantiatad ' (precipitation, heat,
Solution Dilute - cold, etc.)
draw solution
W Driving force for FO process: J,=A(m,;—1my)
the difference in osmotic pressure Jy water flux _
between the draw solution and the A: water permeability coefficient

IT,. osmotic pressure at draw solution

feed solution. : ;
;. osmotic pressure at feed solution

F A% NP EELE6185.54 TEL: 02-87978873 http://www.hantech-eng.com.tw
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FO H i *

¢ 1XEHR
s BmIE : MIEmisbE ~ ManKE -
- EB TR EEMEEY - ZSHZDNA

- BT X : MEEEE -

¢ RIRER
« BIGRIE - EKIRHE - THERL - — e
B HIEE2E PRO R~ERE

’ ﬁ E ﬁg iﬁ E m :;zf; ;z;;m Eﬁff;énfrﬁa org/2013/02/ the-elixir-of-life-generating-

R DI E 2 & (_pressure retarded Power generation by pressure retarded osmosis

osmosis, PRO)Hiflg - 332 FEMEEE - Company: Statkraft (Norway)
{7388 - » Pilot Capacity: 10 kw (2009~2012)
« Membrane energy density: 1 W/mZ

F A% NP EELE6185.54 TEL: 02-87978873 http://www.hantech-eng.com.tw



FEKARIIARGF LD F
HANTECH ENGINEERING CO.,LTD

FO s *
ERRE - BEE ' ﬁ wERiE  BHEEA
SERIEBF A ,. By BEK
mEHRMEE - RME mERBERE (EBm -
BEiR{ERER BKE K ~ /BK...etc.)
(ROR, EBiEEER - AR
R..etc.)

AREEIEIROIUEE - BERABIREMRAE o KPR {E

F A% NP EELE6185.54 TEL: 02-87978873 http://www.hantech-eng.com.tw
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FO Bt *

FOR T BRI BEKiEIHE R4S (RORE 24
ZLD - BB REMBE - /5E=Ha. etc.) °

- FOEMBEALASHERSS LA NBEEE -

REUVREZ R 2 A8ERE - o
ZAMHERE ©

MHECRIRAEH SR

NG| Oasys Water Trevi systems
=

A

HE
ESIER
RffE

BREERAE
ERERE

< EE2EKEE(FGD)
- HEERIFEK

(Produced water) £ BKRE
« SHER(ZLD)
TFCHEE TFCHE
NH,HCO, NaCl
FO-Heat FO-RO

» Permian Basin, Taxas, = 2010, Al Khaluf ;83 &,

USA HEEFEEEKE Oman. EEAKE100

E m3/day

« 2014 Changxing Power *2012. Al Najdah;&;% &,
Plant, #7iL&, China. Oman. EEKE200
FGDEI/KEHE, EEKE  m¥day
650 mi/day

B EE

Toyobo HF
Polymer (ethane diol/propane diol)

FO-Heat-NF

* 2012, F*Port Hueneme, CA, USA, 2B #15, #E
77 Al

» 2013, i*Romberg Facility, Tiburon, CA, USA 2 &
10 m¥/day #15

« 2014, #*Masdar Abu Dhabiz2 50 m¥day &7k BE
HEIS

F A% NP EELE6185.54 TEL: 02-87978873 http://www.hantech-eng.com.tw
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(Membrane distillation, MD)

F A% NP EELE6185.54 TEL: 02-87978873 http://www.hantech-eng.com.tw
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MD H g 4

\/ Critical Issues

* Driving force: APy, _ *Membrane wetting *Vapor pressure decreasing

*Membrane:  hydrophobic
porous membrane (PTFE -
PVDF -~ PP)

12.1 kPa @ NaCl 1 wt%
11.2 kPa @NnClSwt

°Pr0perty2 ............... R _-.u\\
. ... R 3.2 kP 25C
-reduction of osmotic limits @50°C . — -
-waste heat and solar|| Formationof crystals =

1db d inside pores can .
O ©use result in membrane Creea T Pvapor Porosity increase

hydroy holnc 3 wetting. l, ﬂUXl (50%_)70%)

Feed Membrane Permeate

Theoretical model for MD flux: Stefan-Maxwell
diffusion model

Z(ZS?MD P(Pml B Pm2 )
" RTox(P,),

€ : porosity R : gas constant OB = reoey
M : molecular weight of vapor T : temp.,, in pore ", e ot
D, : diffusion coefficient of vapor & : thickness of membrane e g R CH
P : gas pressure in pore X : tortuosity between the sctual and V7 V7
e, / projected solid surface area r—\—\I‘L\-I' M

Pm1-Pm2 - vapor pressure difference J e s o

F A% NP EELE6185.54 TEL: 02-87978873 http://www.hantech-eng.com.tw
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MD for Ammonia Recovery

NH, @) +OH™ < NH, , + H,0

macroporous hydrophobic
membrane
NH;(g) NH;(g)
Feed Receiving solution
evaporation absorption - )
+ - ;I{ 138 1(
NH ()+H,0 | Ml
(NH ,OH) Y
NH4++ OH- liquid liquid . ﬁ.ﬂl'ﬁ;
eg. (NH ,),SO, 20% |
. . . /-O\
Schematic of MD for ammonia separation <
] gmﬂ 15% |
el %:L
= 10% |
:%
5% |
0% : : : :
- 20,000 40,000 60,000 80,000 100,000 120,000
#E AT /K NH-NGR & (mg/1)

Influent ammonia conc. vs concentrated ammonia cong.

A% NP EREL6185.54 TEL: 02-87978873 http:/Iwww.hantech-engiQn.tw
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MD for Near zero discharge

|
LPRO/NF
gy
o 4
LR ONF
XK RHK
ROR F "
PR LK (] W B o —— &K
=k P 8
- BT Bl P FATE
T ( EOEES
FAREH)
EDR MD

Schematic of MD for near zero discharge

g 400
E«D 300 . * s §
| . ot TDS from 121,270 mg/L is
100 T concentrated to 466,900 mg/L
" 0 1‘0 ;0 3; 4‘0 5‘0 go 70 after 66 hrS Operating

Time (h)

Conc. of TDS vs operating time

A% NP EREL6185.54 TEL: 02-87978873 http:/Iwww.hantech-engic]m.tw
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B A IR E A
(Capacitive deionization, CDI)
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EDR i 4

- EERERINSEIFESEM T - EE—EAEREE - B
% - OFEAXEE - LM SNEBRRER M - BRI —AZFEEE -
SEERIENP 2 ERER N - DIERMZER ( Electrosorption
Process ) 2REBR/K P ER FRUE(LEEIT - RAHEERE
( Electrical Double Layer ; EDL ) |RIE - #EM8E KR ZZ iR ES
HIER -

- EEBEF{ETEIR ( Deionization Cycle ) - BEEMAIER £
BEAN—EIMEETR - BXEAR - B ESEEMAINERERFRR
R sImANA @ - LGS E oG 24K - miETHERER
( Regeneration Cycle ) 5+ RZ2RMAIEMR_EFRH RS EET
el ARE - ROl MRIBEFERED -

ot

F A% NP EELE6185.54 TEL: 02-87978873 http://www.hantech-eng.com.tw
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Desalination technologies-CDI

Sustainable desalination :

VP Te Tl - Reverse osmosis 1.low cost and energy requirement
* Forward osmosis . .
processes TGS 2. greater operational efficiency

» Multistage flash EN TR SEE e b
= Distillation

Thermal - Multi-effect distillation
processes = Vapour compression
= Thermal
= Mechanical

*Membrane distillation
«Electrodeionisation

| :Capacitive deionisation |

Chemical e Capacitive Deionization (CDI)
other «Gas hydrated
processes =lon exchange
e e e - -g%géi%z:cemrauon Advantages of CDI
Renowet LRI IR i e v R »No use of chemicals
»Low energy consumption, energy recovery
Existing desalination technologies during discharge
» High energy consumption and capital expenditures »Not subject to as much fouling as RO
» Thermal distillation or membrane-based (RO) »High removal efficiency
technologies, restricted to only economically well-off » Simple, cheap and robust design
countries. » Applicable on-line (e.g. washing machine)

A% NP EREL6185.54 TEL: 02-87978873 http:/Iwww.hantech-engié"n.tw
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CDI core technologies

L M shsl . .
" |24 % ) List of electrode materials
(active materials) ,,—""'_-‘~~\
¢+ Aerogel \\
* Activated carbon 1
\ * Activated + metal oxidel
\\ « Graphene ,’
~ -’
Hasoporons Microporous ~ -y T o - - "
% ¥ (conductivity
materials)
Y, :'""\ ) « Graphite
& 7 "'t & '“"2 + Carbon black
: N ﬂ‘ 4 {ﬂ Sy + Carbon fiber
5 L 1k ST e AW L pzrc'[‘:zs ..-.' o F3 . Gra hene oxide
Charged Discharged s e - p
Capacitive Deionization TN
= &
(Binder)
- PVDF
- PTFE

A% NP EREL6185.54 TEL: 02-87978873 http://www.hantech-engién.tw
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=y

=, o k %

Ankistrodesmus '
"I Nannochloropsis sp. %% 4
Oocvsti Chlorella sp. -
OVSUSSP- Eustigmatophyceae sp. Scenedesmus sp.
Tetranephis sp e —

Hylodesmis sp
Mychonastes sp.
Micractiniunm sp.
Picochlorum sp.

Chlorella sp.
Synechococcus sp.
Golenkinia sp. V%
Actinastrum sp. f .
Desmodesmus sp /
NS Senede}smus Sp. eainiricni 35,
— v} Tetraselmis sp. )
g‘E % 1'% g& ?E Mcmcﬁniurfsp. (_’Mﬂmﬂa 5p.
% PRy - Coelasti};um sp. ??”Cdeiml_is sp.
= = Tetanephris sp. Aeractimium Sp. v
(m Ij] j( - 1 L-' - I *EE ’%) Dz’clyogphaefgum sp Actirastrum sp. \.‘j
Qocystis sp. Anfstrodesmus sp. )
Asterarcys sp. Chiarella sp Golenkinia yp.
Tetranephris sp. Senedesmies sp.
Choricystis sp. Acurodesmus sp. a
Nannachlorapsiss, Facillamaphyta sp. -
Cyanobacteriasp. Coelastirum sp. e 5
Chlorella sp. Desmodesmits sp. 'J
Lemmermaannia sp. Tetraselmis sp.
Micractinium sp.
Asterareys sp. Mychonastes sp.

Qurococels sp.

',;ﬂ :.':. ;..-':'- P Ty
I AT

—

T

i

Isolation & purification Preculture Identification Application
$ 4% NP %S LE6185.54 TEL: 02-87978873 http://www.hantech-eng.com.tw



i3 ERRJT 1 2R

1

LA

HANTECH ENGINEERING

&
O..LTD
=
Rl

~'

’

M Px~a



FEKARIIARGF LD F
HANTECH ENGINEERING CO.,LTD

% ® NASA it {7 Offshore Membrane Enclosures for Growing Algae:*

\|l3)‘ = L'F
B ¥ OMEGA System

Solar Energy ﬁ"é ea? e

" 77~ Aquaculture

Treated Wastewater/CO»

gy.com.tw
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/’%‘ g~ /f@/@ i AE
COD: 600 mg/L

l l BOD: 80 mg/L

SS: 150 mg/L

28N —mEE N, THRER ) SREE
[ L] > — X 4 —"
EZK Ersw . (mEsmEm ""> (FEEMRIE) ‘>

&

DR O —gme |, —esm ), =eam )

(Bl 1E) (EHEIE) (S 4RI
THEE : THEE : INEE : COD: 100 mg/L
EREIZERY ERBEEERY SRERARIER —
ERmlE (151Z: COD or BOD) 1534
pHiR % EIRERZEREY 5S: 30 me/L
NEERNKEE
K
60

F A% NP EELE6185.54 TEL: 02-87978873 http://www.hantech-eng.com.tw
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BB A

B 2 H TV BK RIS 1E R BC A [E)

HENERETAKYE -

ESEENE - BESEENE  SEMT
ZBEMBIR

BT R EEK

Amino acid

H,PO; \) o
ADP—> ATP \

NO;y —>NO;—> NH,'
Microalgae

HPD‘ , 2“20"‘(:02 _HCHzO)l"‘ I

CO,

A

'/ industrial

wastewater

Harvesfing / extraction /

HCOy

centrifugation

0,

wastewater /
—

0,

Ut K

Jet fuel

A% NP EREL6185.54 TEL: 02-87978873 http:/Iwww.hantech-eng.cog\ltw
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THANK YOU
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