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ABSTRACT

Water is an integral part of energy production because it is used directly in many power generation systems such as

hydroelectric power plants and thermoelectric power plants. Water is also used extensively in energy-resource extraction, oil,

natural gas, and alternative fuels refining and processing. Recently, osmotic power systems using seawater and freshwater has

been also investigated to produce electricity in a sustainable way.

This study focused on the use of RO and PRO for the mutual conversion of water and energy. This system allows the

production of water from seawater if there is not enough water. It can also generate electricity from salinity gradient of brine

water and fresh water if there is not enough energy. To demonstrate the feasibility of this technology, a set of laboratory-scale

experiments were carried out using a specially-designed RO/PRO system. The efficiency of energy conversion was theoretically

estimated based on the results from the experiments. The results indicated that water and energy could be easily converted using

a single device. Nevertheless, a lack of optimum membrane for this purpose was identified as a major barrier for practical

application.

.M B
23} o]
o= Eol o
B 4 oigst Ao
24 chepel B2
5] fie o ol

o] REF Aol Al

slow,

l‘]l‘

o]

lEulo

'—ol /\T'WE

Osmpsis: RO)7} 8 7| &= A
=40l g3l

e BasiA
srstue] ofs)
ol A2 e £5

okl
1o -

S8 B ok

o] &0l 7
o] olgste] U AYAlelr] 913

sk

ST EdTd
WAIAA}L, E-mail :

—

=13
=

E gl

& A

2012 A A HATH
St=R X IIHIE S

“ox
ey

S =

62, M1&, pp. 61~65, 2013(=

St A4 AE gt}

=2, 201248 128 5-7<

sanghlee@kookmin,ac, kr

F

(il

SR

=]
=, T
ox
[y

o}, olebgo] AHEQES: ol WA % ShiR A
AFE(Pressure Retarded Osmosis: PRO)7} Qlom @3 o]
& o} ghel Aete] Aol olgsiol 418 1 B
o 58 S50l ol olgatl i 9l A
WS Hhgoct, 49

21*1171 S01A Atdstet Qo] S7h 715t 5o 241
2 Qo] 3} oy A9 = EAIZE AEA o2 A7|H AL

QIck. ol Bt oA 9] BEE Tes] Arfapo] HEY
A SJulatA grow], A9d T AZHoR Bash
AU FEel b 23 A9olw was ek, 5
5] ALY B9 ARPEE AYSart 27 HEsHe
Y, 92 e WA Rahw AR Asged 2 24t
YT 4 o) W] ol A $I3t 7|4o] fEn
§Ich 0 o] Aol Akl Lag AgrHe Azt
e wisel] wgo] o) wmefalthd Arjzom e u)g
O B AL 4 g =t

2012.10.19, AAI2AZ22XE 2012.01.09) 61



62

Energy demand > Water demand

Seawater or bring

Generstor

—>
<_‘O

Retardation pressure

Fresh water

—>

(a) PRO mode operation

Energy demand < Water demand

Fresh water Seawaler

| | <

(h) RO mode operation

Fig. 1 Basic concept for RO/PRO system for water/energy
conversion.
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Fig. 2 Experimental set-up for RO/PRO

Table 1 Experimental conditions

Items Conditions
Membrane Forward Osmosis Membrane (HTT, US.A)
Flow condition Counter—Current Crossflow
Effective membrane area 0.014m*(95.0lmm * 145.58mm)
PRO 0, 5, 10, 15, 20, 25bar
Pressure
RO 40, 50bar
Feed solution DI water
Feed Flow rate 480ml/min
water
Initial volume 2L
Draw solution NaCl 0.6M
Draw 775 0 rate 4300ml/min
solution
Initial volume 2L
2 A= =2 AR ek a0t FF9 E4E
< dflasta HA AHEE A = = Wl disto]
wAystzL shglck &, Jojdgo] w2 Aol GAE &
A& ol gste] siE Tedfote] &5 YAkl Mo £
%% ti= st F5E ol85to] A|AE AAlkste] &
T 5 U= 27HA 75 e Ao LEsks AlLE
of g Qe A ShickFig, 1), ol 5t
oA APA R AAE TAt] V)R SHEHS
shotat Fof o] uhefo R sto] i 749 HgrisA &

2o dhstel BAsl,

o AR o] FAE ARste] o]-&skith(Fig. 2). 7Y
T Solle U B5S el & o e AYEZE A
Astal, g Solle= w2 dEe ¥ ¢ e IYEEE
AREBE] fr=gl Sofl FEE 7H8lE 4= lof RO 34S &
A o e A= e d o A shlen, fravhiA]
0.014 m*& 7R g 9 L5 o83t Felue
1]=0] HTIARY] JiHeals ARSIt PROETESE A
= AT BF sl 240 sigthe I dH(NaCl 0.6M)
& Alxsto] ‘ITE‘Q’OHOE AREBI e, SRTE YR
AREBFRIT TR gl 0] %‘E—‘}% Eﬂi}*lﬂ Frédapell
uef Heke ot EJ% &S AR s | 24

sto] Ao Wsls Bl SstaL, vt Eﬂr 2 B0l A
AAIELE, Fig. 2(a)= PRO/RO hybrid %]9]

Uebd 1golw, Fig, 2(b)i= AA| Ao AMgSH

Al F59] PRO/RO hybrid &F2]o]c},

2194 % = RO HE=® & Ffole 2s 27& PRO

A wiel sdstA At sl Su

2& 40 bar oo R 7RISl on, ARES

> H
L
m{m

O_>n’l. oN
o
>~!

o Mo

rr okl
]I"r‘

I
lo

SIERADIASE =28

Hed, M1E, 2013



RO/PRO 380l 2fet E/ol|Lfx|/&tzH ety =0l

PRO HER o Aoz 995 25 bar O[5t2 3t3lct. ©f
of wehd AR FEgd Sof 7hlFs 4 Ao wf
ZhA] HPo R Ftshs =] kel 25 bar oJ3he] & 7t
3H= PRO BEofA= olgro Al fegi&oz depay
A A 54e ofluA Aiker 2T 4 glgleH
40bar oFO& 7IQIoh= RO HEoA= =9 5540

FEEY Zo A FleHoR v =, 2419 524l
=9 Aite R 24 4 gl

ofelf Table 12 & -] A A=zl disf 1hs]
gefgt ol

3. g1t A E9j

Fig, 3 =89 Zof|4 ¢fgls HEkA7|H PRO 378
2319 ] AZiol Wk o Fhg4e ek o
ot} =te] HleK(orientation)& AL-DS, =, ZAlZ(active
layer)o] =8N} JEZEA A2lotlet, 2ezoA & 4
Si5el SES ol ol YU saleA] ghate ule] o

Bl 4452 7,95 L/m?~hro]H 25 bar?] ¢S 718 1
2 ule] v Ft g0l ~0.3 Limi—hri Uepe,

olg|3t AFANE s4str] flste] & AFtolA= thE
o 22 PROS| thal qrere REALS H 8l

J, =A(mpe " —AP) )
W=J,AP ©)

o714 Jwis | Euh8epol i, AL 00| B ki 1D
= e840 AEY, KDE Wiski= T4, AP
FEEO 205 Ato]] Yeio), W Mol 9
of 418 olgab| i mAS ol§a ol Ayen
ok Bels) MRS WaE 4 ot

Fig, 4% Aol ofgh Eeie} melo] ofgh ANGE v
W3k Aojo), & WAE o]8sto] HAdY x5l o5t
o] A9} KD+= 717} 0.378 L/m2—hr—bar®} 0,18X106 sec/m
2 AL glew, ke muALA = o] AleE ]85t
AE dlSsielt

Obar Sbar 10ba 15ba 20bar 25bar

8 ‘\\_

Flux(LMH)
IS

N
0 WS
2000 4000 6000 8000 10000 12000 1400

Time(sec)

Fig. 3 Effect of applied pressure on flux in PRO mode
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Fig. 4 Comparison of model calculation
with experimental flux in PRO mode
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Fig. 5 Comparison of model calculation

with experimental power density in PRO mode
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Fig. 6 Effect of applied pressure on flux in RO mode
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Fig. 8 Power Density in PRO and RO modes.
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