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Inlet water/wastewater quality
TDS, Conductivity, COD, TOC, Hardness, Ca?*, Mg?*

Product water quality — meet requirement
TOC, Conductivity, Hardness, Specific ions

Monovalent ions RO ?

Bivalent ions EDR ?
Na*, K*, NO;, Cl", HCO;
Mg?*, Ca2*, SO,2 , CO,*
cause scaling and precipitation

ITRI CONFIDENTIAL DOCUMENT DO NOT COPY OR DISTRIBUTE 2025/6/10



ITRI  Electrodialysis Reversal (EDR)

Research Institute

f~

Electrodialysis (ED) is a process that uses direct current (DC) to drive the movement of ions in water. By
using membranes with different selectivities, ions in the water can be separated, resulting in streams of
concentrated and diluted water. The Electrodialysis Reversal (EDR) technology developed by the ITRI
enhances this process by periodically switching the polarity of the electrodes and altering internal flow
paths. The process reduces scaling of ion-exchange membranes, thereby improving the operational
stability and extending the lifespan of the electrodialysis system.

Theory Applications
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Advantages of EDR

EDR RO
Conductivity (uS/cm) 500~ 10,000 > 1,000
SDI <15 <3
Silica unlimited undersaturated
Turbidity, NTU <1 <0.1
TOC, mg/L <15 <3
COD, mg/L <50 <5
Fe, mg/L <0.3 <0.05
Mg, Al, mg/L <0.1 <0.05
Anti-fouling . Poor
(Ca?*, Mg?*,CO,%, CaS0,) Good; polarity change (+ acid and scale inhibitor)
Biological adhesion and Good / adding sodium Poor / fungicide
sediment hypochlorite (RO membrane resistant to CI')
Water recovery Good (50~80%) Poor (40~60%)

® Suitable for various types of industrial wastewater

®* Increase 20%~30% water recovery rate compared to RO
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> Separation model

(@) (b)

5 % ® counter ion © fixed ion
O water molecule _ _ __ .
% a\ -5 FSE#R AN (diffusion)

interstitial phase

\/ gel phase

Source: Journal of Membrane Science 555 (2018) 429454

-E &% (electromigration)

#137 (convection)

-i2#& (hopping)
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% Electrodialysis system
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lon Exchange Membrane

PIHHAR FAHR
FLIRZR /N PN
EFE (um) 100-200 200~400
B EEFH (Q.cm?) <5 >10
R (%) <5 <10
It B g 1 (pH) 0-14 2-12
BUETT A HEASER - 2cHE ~ i RifEER - ZUEREAY
A (TT/m?) >3,000 <1,200
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¢ Monovalent 1ons-selective membrane

Separation of monovalent and multivalent ions in the solution.
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Th e pOSSI ble meCh an |SmS Of perm- Fig. 12. Illustration of the surface modification types of ionic exchange mem-
se I e CtIVIty | n CI u d | n g p ore-s | Ze S | eV| n g branes (IEMs). (a) Highly cross-linked surface laye‘r with thfz same ion exchange

groups as the membrane bulk, (b) surface layer with fixed ion exchange groups

effe Ct, electrostatlc repuISIOn a nd with charges opposite to those of the membrane bulk, (¢) LbL film, and (d)

surface layer formed from dense and (mostly) neutral polymers. Dimensions are

hydration energy difference etc. not to scale.

Source: Journal of Membrane Science 555 (2018) 429—454; Journal of Membrane Science 577 (2019) 153—-164
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¢ Bipolar membrane

CEM AEM
« Thickness: 200-250 ym
H,0 H,0 * Burst strength: 20.25 MPa
« Water splitting voltage*: 0.8-1.2 V
0 1+ Water splitting efficiency®: 98%
_ e+ OH- + *Test condition: 1 N HCI, 1N NaOH, 100 mA/cm2, 30 °C

IFumasep FBM

Itage plot f pFBM

N
Water splitting

(Cr3+, Fe2*, ZrO,, Al,Os;.Si0,)
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ED/EDR-Reclamation ' EDI-UPW |
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BPED-Resourcezation DD-purification

HsPO
— — — - Repeating cell unit— — — — Ca\ P?)
Acid | Base Acid | Base Diffusate: r water
A |B P T C " T 'B P T c H;50,:146.3 g/L Water
" :_ - = - |_ - = As: 1.3 g/ AEM
] ocr H- Nat [ ]ocr L] net ]
+ ||+ —| + —| [+ —
I
+ —+ —| + — [+ -
' H,PO,
Cr 2 4
+ I—{+ —| + — [+ -
Anode
Cathode S < on | | b <t o | Pb H3PO,
I
+| [[=I[+ —| [+ —| [+ —|
+| :_ + \_ :/ ||+ _ | t
+/ 1= u ClI- -+ mlM \_ Feed solution: Dialysate: 60wt% H3P04
oA I+ A .| 4 N H,504: 217.4 gfL H,50,:66.8 g/L Cr-Pb
] LI || Na® | ] L L™ Na* As:33gil As:2.0g/L
Lo — ’» _____ 4 lkniE“:H3P04
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R2A could effectively separate positive and Highlight

negative ions from aqueous solution and further v Reclaim valuable resource

produce acid and base with novel arrangement of v Complete ZLD process

electrodialysis module. v Low energy consumption
v Low operating cost

Applications of R2A technology

SW SW Desalination High tech or Pa=rY

desalinatio
brine
e ZLD brine

n waste
High
salinity
wastewater

. High

Acid chamber Alkali chamber

salinity Synthetic Valuable Inorganic H,0 > H' + OH NaCl HO>H +OH |
; : id/b C+ H" 5 HCl Na® + OH SNaOH
organic Organic Resource acia/base

wastewater © s ek Recovery
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> BPED — Recovery to Ac:1d & Alkaline, R2A by ITRI

Tank volume: 1.0 L

Membrane area: 10 cm*20 cm

Effective membrane area: 123

cm2 (7 cm* 17.5 cm)

Cell pair: 1~10 pairs

Crossflow velocity: 3-6 cm/s

Available operation current

density (max): 80 mA/cm?

Available operation current

voltage (max): 30 V

.~ * Module type: 3 compartment

(BACB arrangement)

« Tank volume: 10 L

* Membrane area: 20 cm*40 cm

« Effective membrane area: 488
cm? (16 cm* 30.5 cm)

« Cell pair: 30 pairs

» Crossflow velocity: 3-6 cm/s

« Available operation current
density (max): 100 mA/cm?

* Available operation current
voltage (max): 600 V
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< BPED — Recovery to Acid & Alkaline, R2A by ITRI : Patent

« Efficiency enhancement  Membrane activation
NaOH Ca*
& apu EEN =g g g K&
2 e % mo mnl ol B I'E
10% & 10% | B
? ﬁ ﬁ — +- +- +
+ el | # (4 - F -
(EB) OH- | H* 1 '—J OH| H* (’#) +- OH + Mg(OH), #*-
- CrN + =1 + — C O
a’—=| Na +.- + _Ca(OH); .
mci NaX - BE + ER - ERE +-

BE Bl FKE E BE ﬁ &
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* Address the high water demand of cooling towers, REDUCE AND KEEP the conductivity of
cooling circulating water, and effectively decrease the make-up water volume, discharge

volume, and chemical treatment costs.

 To prevent inorganic scaling issues in the cooling tower, the current approach is to

continuously inject a large amount of scale inhibitor (~9 kg/day).

Cooling Tower

Air High Chemical Dosage Mk Up Water ——
A
Evaporation80% . b
i Discharge 20% _
Cooling Tower £
—> Effluent S ao
z
N~ Low-carbon side stream technolo 3 5000
N~ gy g
Reduce A‘ir . \ 4000
make-up : Reducechemlcoal -
water 10% dosage over 30% 2 1 8 10
H Cooling T Concentrate Ratg
Recycllng Cooling Tower > Effluent e o "
water | & EDR recycling water over 70%
| The EDR side stream treatment effectively
Pretreatment > EDR Reduce discharge increases the cooling tower's concentration
water over 50% factor to 9 times, saving 30% on chemical
\ ................ > Concentrate AL
dosage.

ITRI CONFIDENTIAL DOCUMENT DO NOT COPY OR DISTRIBUTE 2025/6/10 19



ITRI EDR full scale case

Research Institute

f

% Wastewater reclamation

. a;"#fft“*fi‘fg%(EGL) EI’J*”EEP ﬁﬁﬁﬁiﬂ’]@

1 e

ﬁnn/g

© [EREAYEDKIAEBEA LUK - /20

dber gy
/K BRI AR 13 BT Bk
o BEKEUTEREE R fﬁi%t H768 /i ~ [

e ET0% - BRETEE SK RIS - b oA A
BE KRR - AR K I B8 - S
S5 AT 71,160 7T

FREEK

M & AR BiER o ZEE i #iEHH

. pH:~6.5-8.5 i pH:6.0~8.0

- T-Fe:<0.lmg/L /i T-Fe:ND

~* Cond.:700~1,2001S/cm S Cond.:<10MS/em
S0 CI1:120~180 mg/L 1 Cr=5mglL

Hot water rinse

C 1lation/
Condensate water R

Ml Reclaimed
water

fiber
filtration

s 1 . 12m'/h|
| Pickingrinee gl : Desalting
i ondensate | water |
pH:~3.5 .. i pH:~5.0~8.0
T-Fe:40~70mg/L “ T-Fe:=0.lmg/L
Cond.:700~1,200/.S/em - Cond.:<180pS/em
CI:120~180 mg/L . C=20 mglL

Fig.2. The process of wastewater reclamation and reuse in EGL.
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% Effluent Reclamation

200D
EHEK

WERM ;KE&
Bis R
W HE
1.5m%hr

RKKHR
pidd 35 m3/hr
PH 8.5
BHRE 1800 pS/cm
8= 400 mg/L
cr 280 mg/L
SO 340 mg/L
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EDR full scale case

P |

At
PH

LS

cr
SO,

MKKHE

HCIf %
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oK
Rk Rk ( )
HRIKE
HEE T 8@k
BIEEKE
8.5 m3/hr rion o : 25 m3/br
8.5 PH : 5.0~7.0
6100 upS/cm BEE <350 pS/cm
1500 mg/L EhERE <50 mg/L
1100 mg/L cr <30 mglL
1000 mg/L SO,* <120 mglL
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> Cooling Tower Circulation

550 m¥/8

¥ €& <350 pS/cm
Ca* < Sppm

Cl = 10ppm

Zl-‘mrs&é*ﬁ?ﬁ’“%*ﬁﬁ 700 m*/ 8 AN

E GAETROBAKEEKE $ERLI00 S gk

= NS Ca¥*=300ppm

HEZEENE - (::ﬁnumf.?.
- FEMEMKER(KE6MEA)DEE

2,150,0007t ; 17 é SHAARERR
C mEEKBWeER) THy  ORRARERARKRSNedONAEL TET

1,380,0007T bl ASEDREERIEREE
- FRMMEFIJEIEKES530,000

7, -
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X 5L BE R AT B1R IR

— CaCl,, NaOH

Wil RS — (LR — P (BEETE)
2% PO,
300 mg/L Cu?*

ED-R2A K JBR 2% BEE bt i (B UAL

>10% PO43'CU2+ >60% PO43'CU2+
<1 mg/L <15 mg/L
25,000 500 10.0 - — 100
® [k PO4 450 9.0 90
20,000 @, ® [EXCu 400 8.0 | aEC(kWh/kg) m 80
T 350 70 | *Cumg/L) w7
@ oeeerenene ; ‘ ---------- L LETTTT I [ SO m CE (%)
S 15,000 O, 300 o _ 560 60
\ ® S o 38
(=] oo (o)) S < [
E . 250 E g £50 50 £
s | T 5 ; £ o
2 10,000 L 200 S g 40 A | %
. 150 30 | Tl e & 30
....................... ottt
5,000 ‘® 100 2.0 20
50 1.0 10
0 0 0.0 * P T T T PO 0
0.0 05 1.0 15 20 25 20 0.0 2.0 40 6.0 8.0 100 120 140
Time (h) H3PO4 Conc. (%)

- EEBBATEIR AW AT(EAH,PO, 13 wt% - Cu? 0.36 mg/L
o« TEBE[C|ULZRT75% - BEFE3.8 kwh/kg-H,PO,
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X AL S EE R EIRIERE

NH, = =» H,S0,
[
1 ,
(NH,),SO, — Na,SO, = =» ED-R2A ~ -~ » [FEREHE
39 mS/cm : 0.7 mS/cm
N :
NaOH #« === === === = NaOH
100 12
® JFK s
& | — S e e Y EBERRY
G | T it e 8 o 9.0 wt% NaOH, 11 wt% H,SO,
= s £ | HEFE5.4 kWh/kg-NaOH
B, o :.3 o, o°°, , B BEKEEERES% - BIERR
* 2% ., i - BB E R B R A
20 .‘ . R - 5
0 t ] & e ® & e 0
0 5 10 15 20
56 (hr.)
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— &EEK
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700
196%/X  174R/XK 146%k/X  140%/X
T 650
U
A |
2 600
{bx
g 550
350 RT/2 #l7KIE - {BIR/KEBEE<650 pS/cm
o h—
7 17 27 37 47 51 61 17 8 97
EEX 2 (day)
N\
Lo
s
BfizK B
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co,
2% on Rl 5L fik =
50 % 46 ton/yr
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% 2,800 RT / HiZ: bn E 47 < all/KIE

EDR full scale case

—CT#1™6 AL AN i
o SEAGKEEREEL
1,600 |
1,500 |
E 1,400 F
5 1,300
?E 1,200 k
:; 1,100 {}r
wo EVAAAAAANAAAAAAANAAAN
800 N N TN TN [N T T NN TN O T N N T S T N N TN T T [N T T T T T T T T N T T TN TN N T T T T - |
0 25 50 75 100 125 150 175 200 225 250 275 300
RS (hr)
2,800 RT SPEC. SELRE 381
L’:) BEEWS/cm) | < 1500 1253+198 927
st e -
Bl 75 EES (riﬁgﬁ) < 300 1864345 125
20 % 3.5% e
A2 < 600 435+112 270
(mg/L)
o 248
| o D) <0.50 0.240.1 0.08
= St No iy =1
25 fnifl = i hix £ wEEEmg/L)|  5~10 6.3+1.2 5.0
60 % 297 ton/yr ERWAEY
= (Lsg = 020~250 | 09+02 0.52
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£ BRI S

JEH | 5 MEgL BAHRST, mm EIRARIE
it RT =) g W) SMH |EEBEWV)|ERA
2040 <500 300 300 - 450 600 <40
4080 < 2,000 500 350 - 750 1,100 <160 <130
40160 < 4,000 500 500-960 | 2,100 <200
80160 < 10,000 950 | 800-1,200 | 2,100 <300

BIERE  5-8°C BMER  4-61F BIRKE : 9-12 LPM/RT

& HEERSERZ - aikFEKERRE
E T* W/W*Enln HJLQ%IHH%E

& UESRIE ARBAFANERKERSEEE A
B - ETAIEDEZEGIEE - TS
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Process W f Secondary W
wastewaterj L treatment J

UF+RO Reclaimed
(UF)+ED water

-

400 T

lon
exchange

80 [~ . .
Electrodialysis
Desalination Revers.e
Cost OSMOoSsIS
(NT/M3) 30 |

Multi-effect
evaporation

I
1 5 10 50 100

Salt concentration (g/liter)
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N
[ Effluent

J

U ! RO _ Higher production quality
o) = - Lower stability and recovery rate
[ o | _ Higher stability and recovery rate
st LUERR " Lower production quality

Integration

To enhance the stability of RO
m Lower production quality
@ Higher production quality and recovery rate
P Higher operation cost

EDR —— Concentration reject

v
X
@)
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% Industrial wastewater reclamation

Cond. Cond. Cond.
2 — 4,000 uS/cm < 1,000 uS/cm <300 uS/cm
Effluent Clean water
[ Passl PassZ
Cond. Cond.
< 10,000 uS/cm < 3,000 uS/cm
Cond. =
< 4,000 uS/cm ( \}
EDR «
L J Cond.
< 30,000 uS/cm
» Discharge

@ 2Pass RO recovery rate 70 %
€ EDR recovery rate >80 %
€ Whole system recovery rate > 90 %

@ Using Pass 2 ROR to adjust the concentration of EDR
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Process w f Secondary w f UF+RO Reclaimed
wastewaterj 'L treatment J 1 (UF)+ED water

[ RO + ED } [ RO + ED }

l l

« \Water reclamation « Concentration treatment

« Pharmacy recycle » Recovery rate enhancement
« ZLD « ZLD

 lon resourcezation  lon resourcezation

I

* Brine deionization (Na*, CI, SO,%) /
« Waste effluent deionization (Na*, Cl-, SO,%)

« Organic wastewater deionization (Na*, organic acid)
« Spent acid purification (H;PO,, H,SO,, HCI)
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R2A
(Recovery to Acid and Alkali)

( e NaOH
lon conversion 1—
L » HCI

ED/RO/FO/MD NF/seED A

Waste 1
water —P[ Pretreatment ]——b[ Concentrator }—»

Chemical free process:
Ex: electro-oxidation

NacCl
stream

Evaporator/ Na.SO
Crystallizaton Z

Recovery of Sodium Sulfate powder

Conversion of residual solution to NaOH/ HCI solution
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¢ Primary pure water system

s APPliCations Integration full scale case

SRk ) | BRI

) | wibE

!

EE[E :<300 uS/cm

1T = £ 4 /K [BUER>15%

v

ROIR&EKKE EDREEIZEKE

pH 75 pH . 6~8
BEE 760~800 pS/cm EEE : <250 pSicm
REE 3~5 mg/l REE : ND mg/l
BT 39~42 mgll = <5 mg/l
S0, 180~190 mgl/l S0, : <30  mgll

EK=E iR EE R EDRIZEE R A (NT/m?3)

(m3/day) (%) (BEBE - #EmE)

300 701 2.1
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s APPliCations Integration full scale case

Reclaimed water

Reclamation system

T

Effluent Bio system RO system ZLD
process
1(3)

R K EEIROG R E E ANJO 1) Conventional ZLD process, the ROR entirely into the

evaporation and crystallization units.

2) The ROR volume is reduced before entering the evaporation
and crystallization unit, significantly lowering the operating
cost of the ZLD system.

3) The permeate is returned to the reclamation system,
increasing the overall water recovery rate. This eliminates the

need to treat the RO reject directly to water reuse quality,

effectively reducing the design capacity of the EDR system.

35
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Installation of a 3,000 CMD EDR water recycling system to mitigate the risk of production line

shutdowns due to water shortages.

* The discharged water contains high levels of calcium and sulfate. Constituent Feed | Product Brine
The scaling effect makes it unsuitable for using RO. Therefore, | Conductivity (uS/cm) | 4480 495 9950
the EDR desalination system was designed and implemented to Na (mg/L) 210 48 470

K* (mg/L) 270 30 596
achieve the goal of water recycling. Ca? (mglL) 400 10 990

* The 3,000 CMD of recycled water can be used as make-up water Mg?* (mg/L) 23 1 48
for cooling towers, reducing the consumption of tap water. At | CI (mg/L) 1510 137 3650
the same time, it enhances the company's green image and NOg (mg/L) 20 2 38

S0, (mg/L) 450 45 1060

supports the expansion of international business. -
PP P Module test evaluation

EDR Water Resource Center
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Item Effluent Recycled Water %
Volume (CMD) 6,000 3,000 By
pH 6.5-9.0 5.5-7.5
Conductivity (4S/cm) <6,500 <550
COD (mgl/L) <70 <60
Si (mg/L) <30
Na*(mg/L) <350 <100
Ca?*(mg/L) <600 <80
Mg?* (mg/L) <35 <10
Cl-(mg/L) <2000 <250
$0,% (mg/L) <600 <200

Treatment water: 6,000 CMD
* 56 EDR stack
e 4 stacks/line

* 14 lines

* 220 pairs membrane/stack
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IR Applications Integration full scale case

Research Institute

ltem Pricing basis Annual cost Cost”
(NTS$/yr) | (NT$/m3)
1 Electricity :;;,OOO kWh/dayx2.3 NT$/kWhx365 9.235.000 105
L2.Chemicals =830 kg/dayx5 NT$/kgx365 day 1,515,000 1.7
3.Labor =800,000 NT$/person/yrx1 person 800,000 0.9
=450,000,000(Capital cost) x1% 4,500,000 5.1
4 .Maintenance _
—186600,000(Membrane replacement) 3,720,000 49
x20%
Total (1+2+3+4) 19,770,000 22.4

*Estimated at 2400 CMD of recycled water
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Electrodialysis
] Reversal(EDR) . i
Industrial treated effluent —_— > Induf;trlal process water
* Cooling water
X Converting Industrial Wastewater into Resource

ITRI Electrodialysis Reversal (EDR) : 8 patents(Taiwan, China, Singapore), 2 pending

e | | ]
3 "l e

U TR
a0 1|

EDR desglfha;;cion

'EDR desalination Recovery of Recovery of Recovery of fluoride- EDR desalination Desalination and

of Ground water of RO reject for ~ wastewater from wastewater from PCB containing of high reuse of RO
for rinsing water rinsing water screw manufactur-ing manufacturing wastewater from conductivity river concentrate
( 50 m3/day) (electronics) factory for rinsing factory for cooling  wafer factory for water for process stream (Food
(300 m3/day) water by EDR process tower by EDR process scrubber by EDR water industry)
(450 m3/day) (1200 m3/day) process ( 2400 m3/day) (300 m3/day)

(1200 m3/day)

Desalination and reuse Desalination and Recovery of Recovery of Recovery of
Recovery of cooling of wastewater from reuse of direct cooling wastewater from wastewater from wastewater from
water from electronics  precious screw water from steel chemical company zinc-plating process nylon fiber
manufacturing factory bymanufacturing factory rolling by EDR process  for cooling water  for rinse water by manufacturing
EDR process (Tiger by EDR process (Nitto (China steel company,550 by EDR process EDR process ( China company for
company) company, 350 m3/day)  m3/day) (800 m3/day) steel company, 700 cooling water
(550 m3/day) m3/day) by EDR process

( 800 m3/day)
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M5 o etnolony Phone: 0939-821-550
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