THEAEM

e E55IHAM o I7HdTIHEAL

Lct ot2d

_._._o tﬁrlu | m ol _O._ , =

T » o . | D Y I8I8i8 % = [

v % S == M_.u = n.m S| O |SI|IN . AAu..u

X Rl R R n= g g sl $ R

KO o Bl T #1566 & v 292 |= U © | 1

fall a o 8 15| w e p ~ SRS

0l R L gL | e -y

N =t Ol | B =, e liren Bl s LS eT

ol > = E i L i} o o 3

%0 c g o o _ X oS

Ho 2 8| LS L N il

ol L _ g 7 =]

¢ S o || T W

0 @ =y ok (E e s 1T R ) ~|o ® o

<F T o REjO- 3 & ||& ¥ H . o

= 7 =_o s = 1 A S i A_ oT b

f (2] A_ (o)) 1]

o ¢ ol g MoK S e ar o K AL

o 8 3 oo AR E- 0= B N P B |z

=0 S | & w - |8 & d ol oo R A

J_Uo < pll < ©  © o] B |

H ™ o © otk 8 T ﬂ

E » < Slf L © |~ L mﬂ Kl g

5 <0 HEEAD D e lof M

AN e gHm 8- S | 218 S

= i i | o i Ll = ST <

< i 3 NEEY B s o R

) s clT@m-. |9 & NN o & b

0. = ~la 2 3 = g o

s o o KO8 8 8 £ [N R R

= > PSS i . . e
oM < Pl e © © no N E=riiint

oy 2 80 S 5 5G P 1 BIE
B o o o KT IE=THEP-N

olo = AR b Ko | |

1] .§E — —— — A —_ e |

— 3 ‘ a1 20 =i

5l W ol |, M = X0 i iof

B oo [|x R e 8 i3 . Sl e T

m_r .m_.o | ch. ._.m*l A_.=._ =) _A_D 1 - o W

— W 1 el el Bl =0 EARET

- ul Bz er ' Do T S 8 38 : o R

o N o | == ol — | o | K

g HU M = oo AP G | RIS

ol of o S ol Sl |

i Ik (S AT Al | el | ok
© - .

~
o] = 2
- K s -

o & || &2 & r of i & o — A~ R
\_:M___o | K 80 i R n |3l H ﬁﬁl@@.?@@ 1o
molo =] & 3 5 Iy 2r:._ SLuoE T i I UG e TR 1o
= o & & M 2l g L S bl | L Y T
B3 B K _M.u_l 7l o = — o ®OHO G o] W@ ol
o K 10 o o

I

| =RStX} ofeh et Zol

RIAL Al

=
|53

T8 2

M

g Mol 7|x= Ly o] A}

ATIHLA

=
S

b

£

g A

k=1
2|

AT THEA

Lt

3G

2k
=

K0

o
Bl

o

£l
KH

oy
K0
o
%0

or

—

ZENSD




IH
oK

Ip

b g

32 | =2

< | Ko

o | o

il

ol

= Ul

N H
2 | =2

o M

o )

il

v

|

M I
2 | =2

o | Ko

o | o

il

ol

50y

=l m
2| =2

- Ko @

o |1

il

oy m

WS
Ll
2 | =2

Lk R

o | L

il ! T

<t oy

Ko | Ul &

W 2

LLl
U
| TR
_A_m__ ~
[>

I %_ﬂ_

T .:./_. 1
jol | Hl

™ ~ | IF
e
| &
FUREE




= 7

FAY 5]

=]
=

H ol x| 2

HE of A

=1
o=

I

=

i LNG

O

2E 2

e
5|

o

At

A
T

|

CH %

—

[—

A7

O:
o

=
=

of
il

T
00

ol
o

ua
<F

1o

Ho

E =~

3
ofn

by

o]

S bt

2 HAl

ol
70

At
o

700

<

oK

K

K1
ol
7
=
040
ol

)

W]

==

Hi

ojot

=
=

A
iTErst TR Z=AL

4 SHAA
11
Y55

o ILY/2| 7|& AT
o Ef o170iM AAH =

7ol

mn
<+
1o
[0
od

ol
Y

K

—_

1ol

o FAH

<

1o

A sl

b.

ot FAret

o

o &lA|

sh=ret HMz|ee| +& H|u

I ol2
— —_o

e

o

K0
<

7o
il
&l

K
1

<ol e 27

L
=

=

9

e

i

__o_|
K

o

tod

9

X}
At

Al

=

al

, Mels e HAHIL 7hs

Z4H]|
= o

|

o

A
T

=
1o

1ol SHAIZF AU D|ZHE A

=5

X
A

=
=

m]
=

of M2

[=

L

o

IH
k-

<0
ar

K

2 7|th

F

S
=

o

O
2]

driving force

o
[

N

7ol

Hin

stMATIA

oH
=4

ol

o

oi[ LA K|

s et

=7} 9l AT

& ofoll
Ch & 4= K2

of (57l o|LH)

SH
oH




{Summary)

This study aims to evaluate lab—scale freeze desalination unit process utilizing
the cold energy waste from an LNG plant in order to develop alternative
water resources. To accomplish this study, a lab—scale crystalizer will be

Purpose constructed based on the freeze desalination mechanism and analysis of
existing research. Through this study, we will explore the operating factors for
running the LNG freeze desalination process and suggest a possible direction
for developing this technology.

o 1% year
A. Literature investigation of the existing freeze desalination process and the
application of evaporation heat from an LNG plant
° Investigate and analyze existing domestic and international research on the
state of technology
o Understand the thermodynamic mechanism of freeze desalination
o Investigate the characteristics of existing freeze desalination process
B. Design and construction of lab—scale experimental equipments
o Evaluate the quality of possible construction materials based on durability, heat
conductivity, etc.
° Evaluate existing equpiment used in other freeze desalination studies
o Design and construct a lab—scale crystalizer for the freeze desalination process
o 2" year
A. Determine optimum operating factors for freeze desalination process using
synthetic seawater (NaCl)
o Assess working efficiency of freeze desalination of synthetic seawater (optimum
Contents

crystallizer temperature, stirring speed, optimal feed flow rate, optimum amount
of washing water, etc.)
o Compare freeze desalinated water with synthetic seawater
B. Find optimal operating factors by simulating synthetic seawater in similar
conditions to real seawater
> Understand characteristics of real seawater
> Assess working efficiency of freeze desalination of synthetic seawater under
conditions similar to real seawater (optimum crystallizer temperature, stirring
speed, optimal feed flow rate, optimum amount of washing water, etc.)
> Compare the water quality of synthetic seawater to the water quality of freeze
desalinated water
° Assess treated water quality by comparing the conditions of 1st—-year—treated
water to the conditions of 2nd-year—treated water.
C. Calculate demand energy during operating crystallizer
> Calculate demand energy per product during operating crystallizer
> Decide scale—up experiment possibility of freeze desalination

Development Results

e Design and construct a lab—scale crystallizer for the freeze desalination

process utilizing LNG cold energy wastes, and optimize equipments for
seawater crystallizing, removal of salts and continuous operation

Suggest the methods to maximize efficiency of freeze desalination process
by finding optimizing factors depends on various seawater properties, and
build data base for efficient design and manage

_4_



Publish 2 research papers, pend 2 patents applications, and produce 1
experimental equipment through the research about freeze desalination
using LNG cold energy wastes

Expected Contribution

Expect to be an ‘driving force’ in a desalination market due to lead limited
parts of reverse osmosis membrane desalination markets

Maximize the energy efficiency through collaboration of a LNG plant, a
freeze desalination plant and a thermoelectric power plant

Determine optimizing factors for the LNG freeze desalination process and
apply the base data to certificate a brand—-new technology

Enhance the nation’s position and national competitiveness in water
resource field resulted from securing desalination technology for the next

generation
Alternative Freezin
Keywords water Desalination Energy 9 LNG
resource method
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Ao HeM
1-1. Agoetel 7l
O #xjelel 22
- & X|7A =X 5t =22 2F 139 88,5008 km’2 2 FHE|of, o] £ sllF= 97%S XHX|Ste =X

S =Z ALEo|| HMsto] en{, LIHX| 3% =z 220 "AH 8IS X[ESF, Xlokx, th7] S

2z=0 Y2 (Fig.1)
- A CFI} AtRIISEE So| 22 6,500km’2 2 =42 0.002%0 2xtEt AXMo=Z o|Efst 2

A5t okt sl =Est 7|sd tist =271 SItst A= FAMY

A
BT 2.53% 001%  076%  1.76%
% aH_,;'g_ (2 32 5HO} Lm ) -
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A ;
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0
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(213 51 km®)
P ES
SES PN
= b IS
96.52% 094%  0.01%
Fig.1 X7 2 FZZHK-water, 2016)
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- UNDP2|  ‘Human Development Report,2006" off 2w MAH 60 Q7 = 10 Ho| MBSt A2 Z

ZEX| 235l= Ago|n | 20250 = 6~92 | 20500 = 10~242 Woz s ZHWoz FMatE

m3/person,/yr available
B = 500 Extreme stress

W S00-1,000 High stress

[ 1,000 - 1,700 - Moderate stress
[ = 1,700 No stress

1 Mo data
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Table.1 Ol2f = 2ol thigt o=

ZHAFTHSHATA(PAI | LY 59 5MotmEo| 2 Et=IILE 2 Z|Z2=7k A D
:Population Action 2025 7IR| 244 HO|M 343 o] AlRIEO0| & E E= F BF
International,2003) =7l AA = A
20504 AMlAClF= 90 Mo o|E M2k 11dH@o| otMsH ofAl
UN 2sid A8 i
_ = FZof M & AHolod, A= AE 29l 10%= ot
A5 =H(2002) 3 -
StAls BE = 8 250 7|0
X|go| 1o0e a3 8e Aoz 20 ot 1/32=2 501%
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UNA| Al = RE2 7H 2 _
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24112003 3) Q= Eedl UM Sl 2ME R HAMo| otfof =hE A
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OlHMEIE “o|M= 1970ACH M Fat=(oil shock)o| ot 2t & TF=(water
EIA(2009. 1) shock)oll chd|slof stcl.” 0 X|& &t

2030 Water Resources
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A%

Water future(2009)
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HEE 718 A 22 S4(522 3a2 MUY =2dd)2 2 752 HS d=p7= 2l
= (Fig.3)

& 4887H0l HFE TR R0l KE oAt ASLt W 420 Nuig

0|&7ts =X =P
58% 42%
i
I I
A 8E YA B
43% 15%
| ]
|
I | | 1
HiCI2 S stEs= 08 HE+=32 X8l 0| &
32% 8% 15% 3%
| | ]
|
26%
solg¥
Fig.3 TAtAZEY|S2HA=I(2011~2020) (= Eall 2FF, 2011)
O silsEste ey
1) sl =3t AlZ sg
sioll= HE&(Na'), ofaul&(Mg2'), g20[2(Cl7) & Ctst 220 22 552 BEE /U2
=2 &1 =(Total Dissolved Solids, TDS) S=+& 2F 35,000 mg/L Ol EH & WHEFZ
AtE5E7| ?lsM = HO{XZ 1000 mg/L OlSte] =& 275kl UF
Chst AZR2 S5, 715, ShElS AMol8, = M= S Chsh A|ES gMstl oo H MA
Moz oF goMiat E/Y 22 0|F siE=st A2} 43det E/AZ2 MA HstAEe| oF
63%E AtX|st Uz (Fig.4)
ESH MAH 2 &Y A|Z2 &F 107 o 6.5%% MEE ZHoz MU0 sisEFs 2ok FF
20074 CHd| 20250 3.78ie| MZrO| of AbE
st 7122 1960 A F 5 FS5ET| ARISH0{ 19951 SEHHO| A|&e| tHEES AHX|SI¥ 2L,
| #2 o3t SIS E2M, HaEF

2000 O|=HH o4Xl 70| M1 2HM0
o

(Seawater Reverse Osmosis, SWRO)
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= 2|o 2=
S eeint stew |
o
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H|o|-04 M= o| o
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Water
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Fig.5 S (%)} AMFH(RLER)S 7| /g (ZEM X AYEMHE, 2013)
HESs=E=Hrst 7|s9 Vs
) d=H
HSH TSt 7|s2 200040 FHO| SOH{MHEMEE AFIF st =D A= MER sl
Srst VS 2M, 22| AMHEE 0|85t STt Y| AR o =% & 2A|E Aoz A
HE gMstl 2= 2252 28 Mo HiFE= |EZ[E ol8F 7|&¢
3A B™E=(Crystallizer), =2|=(Separator), dl=(Melter)Z LIFH X ZH =0l €52 &
MAIZ|D HMHE A3 555 E2lXoAM BAREE 0|35t EElAlZI F, Ssi=oAM E2|E
d32 50 H+E MME (Fig.6)

Loolantinﬂ
Feed " ; S .| Brine/lce lce Ice Washer | Clean Water
> TECOOIET R Vs 1ZET >
Separator & Melter
Coolant out U ]
Brine
Fig.6 Al =s=rst MM 71X 2AIE(Desalination, 2015)

ol AMEH| H|GH 22 oUXE EHRZE St MAEZ 7K UL}, ofd =7| AFEHA 9
|22 BT ARt @FFE (Table.3)
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Table.3 &H=

siserratel §

A (Desal ination 356, 2015)

S olF S=s ao
- 22|QAL gro] e =3
- 32 (2256.7kJ/kg)oll  H|si  1/70]
M2 S1¥(333.5kd/kg)= 0835t | - JHLo| &3t =X 22 J|s=
1, ctE ol HEsHX| 2ol Ef ol22 x=7|d7d| 80| Bo| &
iE2tr|so Hlsh AMAHXIE |- d8 2322t sF552 22/
oS ez g GRS
- 42 2N SHZ2 2FSIEZR | - EF 7|0 HlEH =80 S
MESHA o|Lt, Fd|e| FAlm | - o Makof| w2l Ao
sk g2lo "ol M & olFo|7} &Mt =5 UF
- sletd HMA2|7F 222 SHX| ol
SR EES
- O|ENoZ YWEsSEssts ASTYI 5549 22lAt £ MoLXE 22 57| u=o
olHX| 280 =2 AR 7|tH=Lt, ofA A7 =T|CHALl 7|=0|E2 O|2X 582 Y45/ oz
2 MEjolo{, Ol 3255tY| 2ls 452 = ZHUAL 7|, 430 sE5+E Eilstes 22lHA
of 7l&e 17t O WRE B
O LNG EHE 7|3t} gr-gytot
1) LNG(Liquified Natural Gas, HstXed7IA)e| Ho
- MAATtAE FHEC HE| olgl, T2 2E F0| AoU= =HEE, 0lE U T35 Mo 8
O|StEE =X 2(-162T) MENZ MSIA[Z] Zd0| ING(HEHATIA)l (Fig.7)
LNG/YLHH
0 S} XiE |

SRR

:Iru r>"

3t EeAE0lNM
VLA M
‘.

ye

ATt~ = FHIEOAM =2

I B3 34~49%

, &, & 30] HA=O
CO2& A4

© moimzpioz {442
Fig.7 LNG AAF THX (3L LNG a2 =M ol X|)
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Table.4 A2H CO2vf=Z(0|= Department of Energy)
oz LNG LPG 3eg 4% = Mgt
co2
o 52.8 62.7 70.5 72.5 78.6 92.1
100 119 134 137 149 174
(ka/MMBtU) (100) (119) (134) (137) (149) (174)
LNGE LNG E{o|ZollA MAJIAHENIZ 287 A 7(st™ S AXHM B2 2ol ol X[l 7|5t
A2 Y& AL
- LNGE| 7|32 M7= 7|3td e WE/HE J|s, U ER M=, =295 3 MY 3o 2250 F
= ZH™MSZ H LNG ol x| &&of Ztalo| Z]oiz2 = AH (Fig.8)
0| S7ts¢t LNG %Fo|&
/| wgolg [ e i ™
HEMER P o
>LisAT
> HBLEFAITEA
MESZ/DF It + L s
> NE
H RS A} THAH <=t
IRFS AL k2 > LNG 25(-162°C)
s8sH < > 7|98tz al
SRS B
Fig.8 42! 08 BYe| 25 £7
2) = LNG SHE 33
- BA ool EASHE NG SUEE B 6 HAR 242 YUxSHE XA BY, of, 5Y, M, Y
ek HEo|ln{ 38Ho =z diclel XSt 2ol /x5HE US

- fE[Lf2tE 2008A © MA LNG HeH el 16.1%S =
A=

(Fig.9)

ols
24 O
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South Korea LNG imports / prices

. B Million tonnes

= SimmBtu 20

[5]

e

ha

e
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oo
T e 10

% REUTERS

Fig.9 = LNG =2k} =¢l% (Korea Energy Economics Institute, 2010)

- 20081 RE| BHRILABAOIA S 27} RDHENZ NG 3} Al B J|uD} AR WBEHE M S|
Jls JNUe SEE AT A%3tD oo, 0|F S eHYHolo) X|%Ikset LNGolLIxIe] EEol
=

1-2. Aol et chatel Fufel #E

O = #s
1) B YSHSETE AN 2 I 7

- 2 dSsisassiel g =22 20114 oMol WX srekond 201140 2, BE S
s 19830l 124, 2006Kiol 124, 20070l 124 SAEUSES Bot WEahtEsEt J|ol o I
2ol ofx B3| O|RO{XIX| 1 Y AHY (Fig.10)

- o0tidlol el ool =22 ‘si4 IEHDS 0|88 HEHY HEEAlAY HEMA o He
4 0|83 Lht U EAEA0IZ M5 oA o2u JjEmel WEslEAsle MM JsHe
HAIBED S

:
Fig.10 =4
2) INGE 0|88 WEal+etat ooy
8l ei7Et =22 9oL, LNG Cycle2 ZEEH CIEZRES AR
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) Bo| WSS SESs HTSE U tas 55
dSol et 24H AT = 1966d T FE 0| F0IM 22w, 1960 T HSsll - E=r2ted 7ol et
Mol FHAl =43 &5, olF 2000 ol O|=7[7HX| Ef Z[&of Bl 457} BO| s
Al gk
W Sal S Eat MEYE AIME 2007d(621) 22, 0fF 2015 (1224)7HA| =2 wao| MaHo
2 E7t=1 = FMY (Fig.11)
071 071 171 o7l 171 172 o 7l 071 371 37 77 17 s U2 57
. . | I
ki I o B By S M ) A B
Q.Q @,\\;‘:‘/ Q,..,E’J {:?YJ ﬁ,ﬁ‘f Qﬁquj @G&/ és.;fu/ @G‘J q§§;ﬁ/ @?} @Y\/ {t’\/ QJ‘\?} h,,';’./ r{?\v .}635?\‘
G S T R SR L R U A
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