Preliminary Research and Evaluation of Blue Energy
Technology for Seawater Desalination Brine
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Abstract

Seawater desalination enhances water supply resilience but faces challenges
related to energyconsumption and brine disposal. Therefore, strategies for
sustainable brine utilization and emission reduction can be achieved through
resource recovery and blue energy (salinity gradient power) technologies. By
2036, the brine from seawater desalinati@m{s is expected to reach 1.05 million
CMD. If salinity gradient power is utilized using seawater and -ilav
concentration water sources, it could generate approximately 150 million
kWh/year of energy, replacing nearly 15% of the seawater desalina#intispl
electricity usage. This project evaluates and selects the most promising salinity
gradient technologies through literature and case studies, field assessments of five
desalination plants (both domestic and offshore), and feasibility studies of blue

energy technologies for local application.

The project assesses six blue energy technologies, including Pressure Retarded
Osmosis (PRO), Reverse Electrodialysis (RED), Capacitive Reverse
Electrodialysis (CRED), Capacitive Mixing (CAPMIX), Capacitive Donnan
Potential (CDP), and Mixing Entropy Batteries (MEB). The findings suggest that
PRO, RED, and CRED hold significant potential, while CAPMIX, CDP, and
MEB are still in the experimental stage, facing challenges related to material
procurement and scaling, vehi limit their future development. Additionally, the
project reviews case studies of four PRO and three RED pilot plants. The first
PRO plant discontinued operations due to hightmatment costs, low energy
efficiency, and a lack of commercially viabhteembranes. The remaining PRO
plants require integration with reverse osmosis (RO) or membrane distillation
(MD) processes, which increase costs and reduce net performance. RED plants,
using a range of water sources, demonstrated a power dengi21 W/m?2

Research from Italy and Japan shows that optimizing ion exchange membranes

A-1



and module designs can improve RED's energy efficigvioyeover, the project
identifies RED and CRED as the most suitable technologies for domestic brine
blue energy develapent. Additionally, integrating electrodialysis and capacitive
deionization technologies will strengthen the domestic production of blue energy

technologies.

In this project, feasibility studies of RED and CRED show that, with a salinity
gradient of 1860times, the power density ranges from 083 W/m2for RED
and 0.140.19 W/m2for CRED. Power generation is positively correlated with
the number of membrane pairs, suggesting that increasing the number of
membrane pairs, reducing membrane thickness,oatithizing electrodes will
improve efficiency. However, calcium and magnesium ions in brine can reduce
power density by 1£26%. Therefore, integrating brine softening and resource
recovery processes is recommended. Finally, field assessments of five
desalnation plants (both domestic and offshore) in Taiwan evaluated the potential
for blue energy applications. The Kinmen desalination plant, with its high salinity
gradient, is recommended as the preferred site for a RED blue energy
demonstration. While the dihchu desalination plant has potential for brine
resource recovery and blue energy, its distance arourd®%Km from lowion

concentration water sources requires further evaluation for feasibility.



Cy
()A By> 6 B Tl 3 Yné PRPRED
CRED yDNy3 nx €M, A 2 KYu
B K M 3 A T 03 Y ¥
RED CRED | % / 5000
23 |
) | KepAwn yvY JN 01060 5 | §
t YRED CRED f unt 0 1i®.332W. 40. 19
W/ &Y Kp fj K Q YyYRED CRED F -
D/AET Yo L 20 WYX Z F
= ]
(t) CRED yY WMz [ 3 | Mo F o
D 1426% aw M K [ |5 o'H /
o +tYWo ¢ L
(x) REDCREDTKP A K Q yY B o | <k
30Wp 1V Yz I KPAYZMYW&bsp Ry |
~T°QN 'ORRKL ) Mo | <BRw | L
R Ok% - ta \?x y Kp
nL "Xt Baw YR MiyqgUR yo M
ds . sV |
xX) A AT MR &Y z
IV T YO AWK P R ¥
0 YZ Q XxX°3aw B¢ Eo
3yo
(<) 3 / . O1HYyYYO A Mnen Yo

Tl



a W I DN N Y E
c N ] "OE N Yu’ - 0 Y
d Y 7 ]

) 3 0 , 1"Hy Ya IM] e sY
0 Y 0 3 Yu Bo/M/HA NDN/ /N LU
e@ , € Yo S0 0 0 301
1. 0 DN Y ¢ RED CRED +

«Y0Ya>A CREDA DNL + OREDE
Y You 1 @ J(YEAN 'O€
, L
2 M 0 .9 DNY P A £ oYo Y
a3 A Yurny Yu %
o +Yo €EE£ i uoi K|
3. Il oN .. YE BDN/ /N U
e QY 500 0 Yoy o
2 Y S T3 es i



-

®1 /
Kp A wn oW £ wn | ¥ a4
>0.1 C| 100 C| »219go0o00MD|>10, 000
- > 0. % > 1. @ > 2.6 > 3. 06 > 3.6
)3 D A D/ A )3 R |t A
S k% a 5 a 3 a
W I = M o2 I =M I =M I = M
o
= A
w Ke & |t % 3 o ¢
h\JJn K h K 0o 3
. D N w oy A K '
X v - B n e ’ 3
K | i N
b SV K .
B A K > L o]
3 / I K t 0
o D/ 3 A
b KM D 0 2 | ne
R > 0 Y
K (80* 16¢
c
3 3 W ol 3 b > 0
] o4 M1V _
oW Y a4 03
neé ) C 1 R
t R oné 4 0
R b B £ _ 6] ¢
€ _ o | ¢
4 J] 3




P A LR A

- BBLARERE ST

ol | 2z o A 4H =0 =
ey REESEARTEERER
(i - &F9)

TN - SRR/ T ERES RS
| - memTrmERt
- FEERBARE TR

= R RN
Lo - B RE - Wik

il

AR B S B 2 MR

- B A ESRABLRE
- EERARSEAETHEREE

(n : #)

- ERRBHEAGBAR SR
« FHAER L £ R M8giE

o FRff KA - RS AR

TiR{CRRAT AR E M

- EEEFEEE
- {EERCK B IZF R

« S T2 (BT RS
- ElER EERERCRI

1R B R ES

TH - B85 - BE - WK

5
Hio

H

O —



et eeeeeeeeeeeemmeeeeeeeeeeeeeeeeieeeaaaesemeeeseeeseeesessssssssssssseenannr——r———.s -1

A D S L8 G e ——————— A-1
oS PPPPP -1

£ PP 3-1
£ PP -1

0 T PP ®-1
¢ S o TP PUOOSR PPN 1-1
Cy (@ L 1-1
3y I NP PPPRRSRPRRRPS 1:2
Tty TP PPPRRRRPRRRPS 1:6
Xy D B A e 1-7
)2 T =SSP 1-8

3 B T 3 vy oA n- W mé ... 2-1
Cy B A e e e e e e e a e 2-2
3y 3 M€ ot 2-8
Tty 3 A —— 2-11

X Y 3 YV 2-1 2

T 3 W U e 31
Cy S T PSPPI 3-1



3y 3 DN JU e 3-3
Tty 0 11 IO = SO RROOURRRRO 3-6
X 3 KrPAR/J] K e 4-1
CYyRED CRED JU Vo e A1
3V RED CREBP YN Qoo 4-7
B Y ettt oottt ettt ettt reeet ettt ettt er s 4-1 8
X 3 A AR € oo, 51
Cy A ettt ettt roeen ettt 5:3
3y E ettt roee ettt et oetee e, 51 6
Ty e 52 6
< OSSP -1
b
bC A a bu n
b3 M a by n
bt pLIW A Ou n
bx LW p o A Oy n
bX & 0 9 A O n
br Llw nT 3



1-1 BB 1-2
1-2 3 et 1-4
1-3, I O UNE e, 1-8
221 2A (PRO) @V i 2-3
2-2 4 | E(RED) @V et 2-4
2-3 Ay € (CRED) @V e eeee e 2-5
24 CAP MI XA oo eeee et e e emea s 2-6
7 O 0 N = T LT 2-7
7 R Y I = = T LT 2-8
2-7 T T T V2T 2-1
2-8 wA M PRMBRO ' § e 2-1
2-9 ROMDP RO ' ¥ oo eemes e, 2-1
7 O T =T = @ TR 2-1
211 PRO M, N @ e 2-1
212 PARMZT R KR YWy w JuU = N 2-1
213 PRO N E e 2:1
214 PRO N + L 3 2-2
215 PROGU. 9 My YU M 0 ..., 2-2



216 PRO X MLCOE O oo 2-2 2
217 PRAPEI | (PAFEC) x V e, 2-2 3

218 (A,QFPAPECEDN B L) (d,' @PHIN (B

S T 2-2 4
219 PK y MPAREFQ@U n HTI Az -
TSP UPUPPPRPPRRR 2-2 4

220 PR @ PAREFG # HTI ARl & | ( akk

(w) (b) (I (C) ( $X df =( WE-2 6
221 PAPE 1XH» WINrf S e 2-2 6
2-22 €° RED pi l.at....pl.anto... . 2-2 8
2-2 3 RED Y s 2:2 8
224 90 RED JU oot 2:2 9
225men RED _ Y 2-30
22 6nen RED Qe 2:3 0
227 REDIf =( A ASW/ RO briASWBRO
o T N N o T = TP UUURPPTR 2-31
2-28 REDOREDr o F ST s 2-3 2

2-29 z(EaROGBWRO't' | ( b)E ROMCDRED!t' | €

RO % 3 MCDI MYunun + RED A -



23001 WK | t+YROMCDRED'™H N €f -
( MPD) RO X YA N 2-3 4
231  GRIEID . ' oo enmn e 2-3 6

232 (a) (ABD RED 221 o« =y f =Yy

..................................................................................................... 2-3 7
2-33 R EaM A-CNF CCNBo Y% ( CNFFE D)
........................................................................................................ 2-3 8
234 (aREDRNF ¥ ] (b)) CNRED Z

Mi-vo | (c) -KANF "~ 1° tTA » -
F =] (d) -KENIFZ" n Qwn | (e) -KRENDF A
F 5 ettt ettt eenm bttt et e a et e rnea s et et et etete et e tene et erns 2-3 9
2-35 (aREDONE a m ...p (b) |
(c) K O30 CNREFRF PW | (d) -KEF
W B PP 2-4 0
236 REDs2007 <1 71022 2\ 2-4 1
237 REDs W Pts DY e 2-4 2

2-38 REDIW » 3 (a) J (b)) J(ce | (d)

tO ] (e) DD (Donnan DBOFal(yCsaiyst)ri dge



= U =2 N =TSRSS 2:4 4

31vn | - SRS 3-6
32 REDB DN oo 3-7
33 CREDB DN s seeee et smnmee. 3-7
34 REMRED e en s 3-8
35 V2T 3-9
3-6 /1 D NEzwn B e 310
37 A Wt et eeeet ettt 311
3-8 CRIEDA TP 311
39 CRIED] A T 312
310 CRED N e 312
311 e ST 314
41 1§ RED + S e ——— 4-8
42 o RED ¥ s e 4-9
430 | R RED ¥ - TR 1 N o
4409 | SHRW RED + - e AL 2
45 W RED ¥ Y 13
46 % - CRED ¥ ST e 14
4-7 CRED r S OO 15



49 vy Mk CRED ¥ T 4:1 7
410 y Mk CRED 1 4-1 8

51 A A e, 5:3

52 vy i B o ———————— e 5-4

53y 1 8 FRE  BRE [FLI e 54

5-4 X (23A11'37.5" N...1.2.0.A05.:..3.156 " E)
55 FE€ (23A11'56.5" N...1.2.0.A.0.5...486 3" E)
56 wu By > 4 KA MT B 5-7

5-7 8 Z QsSWHR Ul Mi e, 5-9

5-8 M AR e, 5:1 0

5-9 W o T BB 51 0
510 SWH "O5BR e 5:1 1
511 BB MIT "O8ER e 511

51 2 e 3 I o B i 512
513 n A o 5 R 5:1 2

51 4 e ) R o M W B e 51 4
515 e ) R o M W B e 5-1 4
516 N G T O OO 515



5

17



&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

2-1 g W N € T PP 2-1
2-2 3 B\ oottt es et eeenr e sttt n ettt rmnaneees 2-1 0
2-3 3 M Wi ceeee e ennms s 2-1 2
24 PROal/LU YWy R W, 2-1 7
250" W N> 3 RED Y o I O A 2-4 5
31, 1 3 A DNy W m T T 35
32 A NV TS 311
33 7 e ————— e et s be s 313
B A et 313
35 no1f 2 OO RRRRS 314
41 )\ o | < RRW 7 4-2
4-2 n REBRMTER M€ e 16
51 171 2% o Bl ceereeeee e ee ettt ememe ettt 5-2
52y i P AR BB A e 55
5-3 1 Ry > 4 R O MIi MR AME e, 5-8
o-4 y SW IR s M1 T1HHA ANE 5-9
5-5 e 3 K o n N m A B AV

ettt e e eeeeeetmeeeeaeeteeeaeeteeseetaeetsemmmteeeteetnetttetntetaeen e —————nraaaen 513



[0

1]
N

OF% YRR  AUE e, 5:1 6
A € e, 52 3
s 5:2 7

0 S RO 52 8



Cy. O
8 6d (1 PQC) X rndH K
'e( ARBRh 2 0 510 > 03 TW n| Y X
L 202123 XAE 2050 O " | O y kR
y 2 X3 AQ 91 A=- Yt k%°
Ad Yu 49 T3 YRR NT U3
"H Mh T3 GO RY % T3 YZMh %
o kR >phuh R LI M AL zZE€ Y
N,Y M oyl Y, i 2]
’ >n GY , Y  Q onY o

(@)}
<

530QCY B p Y cC IR VooV
1 n £ AN T Y AN/
Y X 2Kwm W 607 0%0q I yvo 128 YF
L ngtvnm 00 NMwme 2027065 YW O

2w Ak o] 20217y g W K 1A
8. I&uAq W X bl y BRe WyMe Y
n 0. Cn anséd- nMa b <L 1TY'QTa
5 Y © BW AYtulAa Lt ¢ B
W g A" NCY3s BN Xy Myl VY 0
7 Y, 1aw W O ko YN M~ ]

VY S Al tY W PE ¥y
I 0 ] Yu 1Yz X "OY L 20 ¢

3 , 1-1YVv Z & W RO k- ‘0Y o
tBzi I L. 1Y e B n

FRE 0 ] 3 MT vn Y FR
i

n (@)



€035 AYu % 0 0713 CO M)

0 "1Y R " A PY s 3 P
J] vn KYWi aw % 3 / n sV
L
' s ‘
: i - K
“ “@
|
Bk
J/
- N . N
LR - ; ok
v ERE “—’ i“mﬁj '
v BEKE i
v FREE
BIERE 87K
‘_ PR -
EKES urEw) 0, -
-%ﬁ;ﬂ;;ﬁﬁ- HiRIE -

Reitiag 59 18/ BT ——
g EL/RE R B (ﬁl@/ﬁ/f&) i R
KEEE - WEAR

BERERR maEE . OB -
fET# - s % -
Wt )
1-1 kA (A )
3y, 3A
n o Y BY a q W Lo
moo Wi ZXe€EA 2é& -~ YZM° i KR
cIMWE DNMO Qw & av Ch..on
- (  KRH ) 9 o ( ARy UMb RH O IR
n A =) Y 2 0 l (salinity gradien
ot H A GHALSGEZ . A GCnYan K
oM Wi DNY4 T ) H (blue

enelYgy KoLt v A q o2 V 20316 B



0 Y K % 105 cMiYd z Eb.
~NL. 1YL K M h % h(waemeer gys nexus
ne YA Own méyKeh K 7l
EY P k% 3] vn KYWo W&aW I
s o / 0o |
3 / S @ 1-1THY Y A PKPAWN
LYu>d | AMNKPp 3 K9 L on Yaw
T DN N Y E cN ] "OE N
Yu’ s v Y 84 n |
3 0 12HyY 9 K 944
DN 03 Y 500 2 3 ] KL M
0 K q oDN PAE Y 0
PP L~ /0 ‘O€E N oY
1 Bpo/M/At TNDN/ /N LI e@Yoy 500
0 3Y, B O 2 Al
& 1-1 3 A
Kpiwn AN} £ vn 0y 0 U
>0.1 C| >100 C| >1Q0OMD|>10, 000
o > 0. 3 > 1. C > 2. 06 > 3. C > 3. 06
5.0 W[5, 2/ 5 5 |5 k%
I I 5 a 5 a 3 a
W | <W |t D/ | <R | <k | <R
a |
- kR
w KP |t 3 ¢ [t 2 3 o ¢
fvn K qooK 0 3
b b DN |t Wy A K '
B A K : ,
B ne )3
b g =
K b3 I 3 | N
) S I K




K 5 £ > t LI o
b3 I K t 0
K .
_ b3 ) )3 D/ b A
)3 n D . ,
K 0 e I ne
t R > 0 g
K (80* 1¢
cm
3 3 3 Wl 2 IR 3 3 S 0
U a4 MV _
. .. 3
bW U o4 94 0
né ) t C t A
P M omné 94 0
N P b £ o *
€ d g
Y £ ] 3
t
FREE i B R AR A B : TiE(Earat ERiisE
- MSLHNAET AT - ERAETEEELRE - EEEREE
T cFREEMARGEERRE - FERARSRsETOMEE - SRASREFED
= (tm : £P9) (tm : ¥
s T mmmWmssnAESR - SETRGRIAN
117 RXE . 3 ] . R E B LR
Jitvialpst ol . FHERLL L 5455 EEI=EFr Al
e - Wi SIE - AE - 8R4 KT - eE - AR - TR ESG PRCER -
e R FH - B8 BR - LAk

O —

l\"_l
[

SR e Wi ZXeEA 28 YZ Mo i
R <duWi  DNMO QW 4 A&y < ...

2 7 - (  HRH ) ¢ < ( ARy M b0 RH O
R)yn A =) Y 2 0 l (salinity gr

energy,otSGE)H A CHAlL SGEZ _ A o

M



nYanm R R Wi DNY4 T ) H
(bl ue Jenergy)

Q7T o A3 by <2A (presswrde orsantoan &
PRQ@)u , ¢ (reverse el ectriowdi al gsi s,
(capacitive rever 4RO &t rmzdiAal ysi s,
M } Y ~YalZs m AL ~YRED CRED.
W EH W A t3 P | YZ ] 3
oy | ¥ (iTon exchange memb

A DNMNB W cv B o1 A I L QTn
Yy RED CRED l a t o YZ¥ -~ (Power densi
5 WWmHE & K Y o DA YRED
CRER v o D Y PRBGz °~ Nl 2}



Ty. 3

V A 6 O Ye BAYA n 3 t

C)ud3103 B T| 3 u
T n WY p m BzX A 2A
2 Yu KawkK nnT Y]
G)lud1 3 KpnJ] <l
t)ud3wl v AJAHUA( |Fx H M
2 3 A nR €]



(t)

1. 3 A

2. 3 né

3. 3 /

4. 3 n Wnu é
3W U

1 3 Y
3 DNy W

3. 0 wn x

I 3 KPR

1.RED CRED JU _
2RED CRERP YA Q
3. Q

<



~

A o} 3 A AT N v é
meéevYwn K3 KpARé n> YW A /€K
AXi>nYA S 113 5b1® P33 1131 126 5WA
A | = vneAd 3 13HYYZMK udt
E PYhE ChHBHzL <€ BT 3 LI 3
3 / u N W néy Y] NV 3
Ly e 3 5 GOWYW?D 3 1 A
LhE JyARY... 1> N ¥ z 2A 3 Yu
P 3 VI tYL x4 G4 A% Y p W
Yhz #» = ¥V 1 whwWy /I .
] / PRE ThHYLLU X 3 nA Yy K
7 31 "HY A JUYB 5  HRw ya |
< AW B  Jumé Ygmq K 3 0 A
Bu P 3 nAI Kyxt o 3 Kpf K= H{Y
B3 u € nm 1]
©) stEmm
B P S B B AR 5 AR B
> AT EER
2 thes
ETARRITRRBSRER ol A
= 5| & ) A7 > RBRRERAI AR Erg-.
s
| e
EBERRTERRne =Ll
> BB 08.12 P3RS
PRI TS T EECEGIR + _ > 2uRsase © mace1z e
S EREt BTG > ETREERELLA #
> N - EERTET ;E
S £
T | D TRREE T © maroor s
= CTT S ERTREAEMS (4148)
- ggggiggmgm 113.12.05 B RIS
1-3, | vunt

M8



W né
q W T f é & M A YbHz y Ry
bl Me Y1 Al  Od221"HWYZO 1" A n
tY, zCUrA AU L. 1YesqgW Y 7
[ Wi yI2A | P A3 Y~
u 3 T ¢ Cny B 1 zcet |7 0Z
" qW Y X A YN Y Nas JUAY aY
N bl yM2Eé me "JtRA wyM2 e Y oyO
V- ®WY € M o WY, 1 o Wit A 1 Yz
Xe€EA 2L 1Y 3 KW n oA Yna
¥ o Hwd JUA Yy Z GRB Y 1 WB <A
W + Y EA </ Vv 3 AT €0

®21qW h ®

q W A n i | DA
B W - | bz =1 yayvy|' @ ;’gegb”ND
J n JUX "HY a | K1
. Lz A A S
Rz H bR i YT 0 €E£m
e | NYLMUZWQ ||'\./0 DAL
, s o - I af uv -8
bl 'D:,CX bl \I;)-,,:R Y ne€E SAYT 3 A 4
. . DAB Ma |
J 2 o7V MR [zx T M2 YV |i afov & >
L Q| |A]
y = U a0 M M NdYO 2021wy AAn
" p € b UJLY & A F YRR A
qUO>LWNA A Yo nm oty 3ty AR W
2" "A f T Yoy et B oYBE wu yi
0 2028 L) o 3 N A - Q- Y

HTL



Z svZ O "3 YW ¢ D10 Y
MXi°on W B TawA ~ L>ouyY 300w
€0 <% o ot Y~ Rz X =A
AY., 1 KIWe A ] J 35 YN X
W M AXI oY 1+ Lt £ n L
) £A MY 3 a4l W . A avu
3 90 MREC | oM A <1 W M YL d
3 YA B T| 3 P Y O ny
Ny °o Y3 ey e be ®w U z
3 Y A B pf Y Fil e LE (
A FO PRO D)y Wet SHiSs€E® I nstitute on m
technol ¥gyT(8sTM) A RQl 0. N Y
T Yn m N , COIwW ¢ YB3 4y ° y
/ H E Yuoy xqgl 3 PH |
AT i Ef°n - NAoO ot
Y -~ AXIT 2pYn ©"3 By <2A

(pressur e

b Ay, € (
3 YZ" X
3 hz AA

B8 ( Mi xing
T

ref gREOGY £ ¢
capacitive
A A(Capac
BA(Capaciti
entropyY KOant

smoerse electrod
reversea ellectr ocf
Itive miXTing, CH
ve Donghan potent
t ermiéeZss, 1MEB)

Cy 3 1
() 2'A 3001
2 A (pressure retardedindsmosi s
I =R A It 2Yuy a . 2-1"Hy Yv
n 3 e O <k YOU <) YRul o
M 3 3 Y 21 OEuwA

HTR



- Draw Solution
SupportLayer | .
'
Active Layer s 2 o 2
Feed Solution =2 {
PRESSURE  \Semipermeable’

EXCHANGER \ Membrane ,

Dllutm Soluﬁon \ / } Ene'gy
-~ : ; A\
\ : N
\ 1 TURBINE
Saline (Draw) Solution Brackish Water

M|

Feed Solution
—

Fresh Water
Bleed

MEMBRANE MODULE
221 2A (PRO) ay (Boer2018)

G, €3 A
y E(reverse el eadiNrodi al y&si s, R
(el ectrodiiRdltysii si,f EDP I u A3 Y
T W pnéd A, TUuYEDy VA T
W o0A3 JRED / °n SGHE U A3 Y
a. 22'HYY z N7 <A | ol ~y
o o | § 30 - MYu™ | § oh D
0 slY ~ N gp(Veerman qiREp C2017
A Y JubT A0 DY Vv REXW?>#n o)
v  RMA | § Yi A ’ toowyY
v RED"~™ 1Ty W I wWno mt3I v
g ") Y HYT AXMNM REDIF 9 o A
W (ST | vV inA:S o A t
o (ferrocsyBai (@¥reRREYIOD § ° KM
PO [ Fe (EWH P K A0 D[ Fe (JEWY N "X

HTB



[ Fe (J/N)Feg*ChH) 4 A U g L 1Y

Ki Fe ((BNYRN YFeéf Bex pH 20t U 2

¢Y., Q" nuneA pHA At H™ X a€ | ¥§
AT |L

\1/.

\ —
- ~
2 ~

Salt Water
Fresh Water

+
<—
1]

- + - + -
Na' > Na' > Na' >
- + - + -
e - + - + - e
< Oxidation <t cr < cl Reduction J*€
- + - + -
- + - + -
il L] L~ L] L
CEM AEM | CEM | AEM | CEM Brackish
> Water
2-2 4 é(RED) ay (Vermaas, 2013a)
(t) Ay, €3 A

Op. 2 RED o0 A4u MOXANQ Yo Au,
¢(capacitive reverse/ 8l ®&atrpdi al
CREDREDH 9pA¢G¢3 YZN .~ REDXOGCI,

/A I "H >N a n)YéH abz?
| § y | § YWuumun 9 R o | <M
A a 23 f 5 SR IR &
Yv |7 - o t zZ X A Yu® é+
ag W BJlYqgow N 8Jw | CREDRED
L Z YCREDR Lo A (el ectrioc



doubl e | ayelC)d®paciAt gjrY, “BR | =
Z N nvZ (A e | A YT

PO+t | 3¢ ¢C a A AA (Scialdone et al .,
et aIL, 2013)

/-
Y- —
Stage 1 Q\\ Stage 2

Cartbon CEM AEM CEM  Carbon Carbon CEM AEM CEM  Carbon
+ cr Na*
Cr Na*
N Na®
- Ccr Na*
Ja :
cr - Na*
) Concen- | e
Dilute ogcen— cr
frate
Dilute  Concentrate
\ /.
Na* Ccr
Na® Ccr N Na*
a a
L Na’ cl ol T
—1>
+ -
N e |Comea- |
Na* %% cr C(IJ]:ICEH— Dilute
rate
Concentrate  Dilute
4 Y Ver m 201
23 Au, ¢ ( CRED) ay (VvVermaas, 2013b)

x)z"- 501
A, (Capacitive mQing,A CIAPMI X)

YA q°m - < z A AN W v ) ps
O Y a, 224HyYZMung1 M vin 49z n
=TT W : KR AMY % N Y mM

| | X% £ u |oefR A3 oMY L: Y
z N L IR DA Y1 £0
oY pbo MA A | W=7 N1 B% )

CAPMPX | § &1 f 0 oV v A
en Ly Y ~ p



‘Forced CDP’
Additional Energy input
during this step
er— € —00p e-

High
IConcentration|

[ v
Discharge Electrodes
(Energy Harvested)

224CAPMI X q (Hatzell, 2014)

NE V¥Un L2017 ®3 ., RED CAPMINX
J 3 - A BA(Capacitive Donwh@an pot
| § pZd s Y N f qg W o |
~mYqg°onz A o (copper hexacyanoferr:
| L Y ~ pn’ N uY  25HyL v

n rRYCDP atzClJ] |l 9 YZ3yt
| | § Y Z ' W Y. ' N
tZ" A &}

HTE



25CDP a (Kim, 2017)
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d 25N K n o 3 RED =M ci

HSC/LSC water Pretreatment method used Power
source HSC LSC density
Increase
Sea water/river (1) Mechanical filtration with —
water rotatory drum
Sea water/river (1) DD None +6.3 %
water
RO brine/ (1) RSF +8.33 %
secondary- (2) MF +13.7 %
treated (3) Riverbank filter +0.00 %
wastewater
Sea water/ (1) Coagulation with PAC +20 %
municipal
wastewater
Sea water and RO (1) SF + CF -
brine/river
water
Seawater/ (1) MEC None +26 %
deionized
water
Hypersaline (1) CF -
water/sea
water
Sea water/ (1) Drum filter (1) Drum 422 %"
freshwater + dual filter +
media filter dual
+ MF + media
GAC + UF filter
(2) Drum
filter +
dual
media
filter +
MF
Sea water/ (1) SF - CF -
freshwater
Seawater/tap (1) MF None —
water
Synthetic brine/ None (1) CF +0.00 %
RO brine from a (2) MF +1.26 %°
wastewater (3) UF +1.26 %°
reclamation (4) NF +45.6 %"
(5) ATM +0.00 %
(6) GAC +1.26 %°
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