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{Abstract)

Due to climate change and population growth, water scarcity is getting worse all
over the world. Among various methods for desalination of seawater, the Multi-Effect
Adsorptive Desalination method, which combines the existing Multi-Effect Desalination
method and the Adsorptive Desalination method and can produce high-concentration-
high-concentration freshwater, is emerging. Because the Multi-Effect Adsorptive
Desalination method combines the two different methods, the system becomes complicated
and the possibility of failure increases. Therefore, in this study, availability analysis was
performed on the Multi-Effect Adsorptive Desalination process. A total of four types of
reliability block diagrams were presented, and availability analysis was conducted based
on them. The first form of a reliability block diagram is configured in series without
any redundancy. The availability of the reliability block diagram composed of the serial
system was found to be lower than the required availability. In order to increase
availability, the redundancy to pumps and boiler are added to system. As a result of
availability analysis, it was confirmed that designing desalination systems with
redundancy to pump meets the 93% availability, which is typically required availability
for various plants.
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Distillation

1* WAIAAL, A FENE A4 SfFZSMEAGAGAIE] 1* Offshore Industries R&BD Center, KRISO
E-mail: kgkang@kriso.re.kr
2 AuRFZAEATLA Fo A AFAIE 2 Seawater Energy Plant Research Center, KRISO



LN
o] a2 a7tk dieEsdt Ve
=

N g FEte Ve AAY w2 S

o] & B=Z djds] fld 55k 9o, 1%
E-2lES ot Zlsel et a7t S
1 ok d5e] deske] lEAel HRjog:
TRk (Multi- Stage Flash, MSP)[1], tJ=a§
H(Multi-Effect  Distillation, MED)[2], SAFEA1
(Reverse Osmosis, RO)[3] Go] o zz+e]
WALS oUR|aE, 955, w5 A9 S &
oto] Aehdo] =4 *H’% Tz 7E B
o 7l&9] e Hebol a8 9 @A &
ANg Haskd 4= Qe Al 7leso] &9 <
TE)2L QITH1-8].

et} 71 2 F Wol ARREL Hf
dEoR 58 ofIiA e E
58 4 = RO &HolH3). 29o] H|a
2 St odA] Am|go] W
TR Gl AdsH AT 4= k=
CEet g 5 gast oyRle o
AEE 60~80 bar AEE 7= 9 &
. ORAIRE o] wRAe uh 9 g XAt}
71§18 &4, o3k A o B3 AA
Trgol fEoe] W Hlgo] KTHTHION
3|580] 40~50% LR ol =g AT
==
|

>

oz
@
2 mlm

L & H O
il
r

:

= ] rﬂra} MED, MSF %Zéo
Holxlk, ohtEEiAl A9 A9, dleg

2
_ﬁ
%,
ach
o % |
ﬂ
=
3
L
o\
9
I
O_l.:
J;
o _; 2ok

2 ofg] dA|e] dusly] UlEE Axwa] =8t
A7 3 ke sl B2 o odoA] SR
H 3715 S50k o E IhE AR 1
Alojet, g8l gtZa AR GARSH
Waog F&3 o GiE BERAA ERE
s S|, o] 7] the ool & YR
2 SO/ S=EE IS HESHE Wiz
Fig. 19 =& Yehfigich o] 3 1 o
7F AgATEoA APEug o oA B
TH oot #A4 9ot e aaiAle dukdo
2 70T 4OC/+O1 oAl xo] FHuR Bl

=1 Aghngko] drt

FagolAet dugol
= Atk

T2 I8 KAD, Adsorption Desalination)s
A2l A7 22 SAE ARt &
FE Y53k TR X—?E*JEE Al Fig.

19] 20 vebeick. 80 C olstel Ape A
8917 dlgel neEel whet Mol B4

Wk ofuel Wik Qlot WHmkA] Aol TREdt
WAoo}, A2, AYolA AEehr] wize] 7]&
SeEpdt 7)ol wlel aE(fouling) B AA
Ulscale)2] TAgo] Hojxl JlelorEol AR
a3} S 4= glo], KA WAl & 4= 9l
TH13-14]. sHAIRE S2H4] 43} W B 34
of vl T APAkRFo] Adidos Utk wo]
Atk ol2fdt TS SHE3] fleiA 7= o
FaGHAT FH4 BHAE Asto] tEag
S XHMEDAD, Multi-Effect
Adsorptive Desalination) 53¢ &+ th&Eal
3L Fig. lof] =29} SF3ITH15-16].

MEDAD 578> AD 574¥ MED$49| 2o
o 7129 & 2% WY e derl

40°Colslo = MED 34& 53 95 713t

Distillation and

A Ak olg B 2AUY % WY BAS
a8 29 5 W HT, FAES BE 4



43t A2 HBE 24

(KS(UC
829

Cooling Hot
1** Evaporator water water
Seawater ¢ ~ Vapor
p v v
Steam [ ‘I—f . |
» Distilled water
“Brine > S',;':f" E
2™ Evaporator
Seawater ) Vapor
— TR
Vi
apo;I: Distilled water sorbe sorbe
Brine

n™ Evaporator
Seawater
—-

Vapor to AD system

[ AT A PR AN

Vapor M
s
e

Brine

Fig. 1 Scheme of the MEDAD system

glom, 1% AD 339 e
= Sh2o] ZRselek. S Al2go] HashAAl
T PPHE] FobA B, A2H A
o) g7k okl 4 gl Rsdel ek

oloh Z& MEDAD B4 A Aelw, @
o e MRS ol7] RIAE Ay 1A
Bolet. Sput obakx| MEDAD $739]
A o] o avke AdARes W

1

Sojx)7] g

95 A B4

h

o)

0 O > rlo o
s

% 9

>‘
ju)
=
b
in}
ﬁ
>
%
J

o
sk
§
ol
o
lo o

ol
rO
tlo ox
A
IS
=
ol
=3
6 ok
EA-)
(R
i ob
o Flﬂ
i
T
g
to

o3
pis)
>

2AF0] melsly] QoA 7l w4, A
Sstal A= EEZRBD, Reliability

. .
S840, ofF A=y 24

BN
sk
o

Block Diagram)&

2 E IAE W R 24 Sl
MEDAD 34 294 7MEE £Y 4 ok W
e =29t o¥¥ MEDAD FHO| 7%
2 Y 4 qlom, 7IE Pt Alag o, B

Vapor from
MED system

>
oX
2
ol
©

O

;
\

=

gj
d
il
o M

2. MEDAD

=3

dl
2
-0,
al
[>
)

(¢l
1o

rr %11 g

s

(<3}
AN

a
582

=
i
10
>
>
o
al

| 7l &

Tnfistinred water h ]‘ lJ l

=0

3T

1=
o

X 24

s
lo
u
N
[l
o
1,
>

o,

~N
flo o
O

10 5

pod)
o,
El
2SN o o =

Al S AR Hl ATH1T7) wEbA AL



AU GESIE =2 H24H HoE

T

o] FH 75 EEdhe A AlAH
AZF 2ol A Sr3iE]ojof i,

A AARE] AR5 Vs B Holollde
FMA EARKSHA =W, AlARle] et 715E0l
wglo] EE Bk o}, &=H V|sso] ¢
A== vAUSE A getd 4= A w34
A A" A1) taEAQl 1Rl FMEA(Failure
Mode Effect Analysis), FTA(Fault Tree Analysis),
RBD(Reliability Block Diagram)% A|ZfetAle] 7]
T EF tololl#E S48 7Y ==
T, AR AA" £A4E it
B oFo]dE MEDAD 349 7%

T=o] QJeiA, WAl AFZEAAE
oh. "@eAIAEY Vs SRE 944

5] ot F, 7l w4 st BdE
7R 7se oftto] iRt A
Lo B2 7155 ¥ 2a%t
RAS(Requirements Analysis Sheeh)E 53|
k. offdh d#e] WHES ol He
I

T

49

gerjo]

.

o Hr m o

Hu

)

I
I

e
ot
ok

= O I
AEHE GHIE 7|Nro RS 4=y &5
ARt o] BgoR 27] AR BAL

.

of

=

™M om I
il
N

o
ok,
-

2.1 MEDAD &72| X& ZZA|~

R e ) L B
IR oR G AR AEis
T} MEDAD 37> SF AollA] Al&3t v} o]
MED 5783 AD F74o] A AlAgle|ar 7|2
ol A ¥gE Fig. 1o Yehfigich. MEDAD
oA MED F4FEo|AE 7] MED 343} v}
AR chdos A SUVIUlA sfiet
7taE $35717F AR dugste] o S
1, ol AN S £FVIe S '
F3} H= S AXA "k olgf A WA &

s

=

>.
il

T
e
_c?_h
2

WlelA S Sk A 19 990
2 FHEo] g oAl FUAIEE olgHrh
vpaet SalelA $717E SHEm Wk A
it S S A S ) el

e olge stol o] A

r=
o 4 Al

oT =

—1 =0 = S

MEDAD3AoA MED 34 HE& 7X A4
" 371 oAl AD 34 FES AAY g@4E
F7HHoR A "ot FHEoR olsH &
7l el Aejpbdel s o2t=Al Het
ol¥ ey duir|E &4 FHE &
SRS A EY g SR
olgHrt. §57I8 olsH FTVIE HHE At
I Er BEE olsHn FXEI gEe B
F AR Aejzhdoe] FAEe] Sledl, dust
7ol FEEE Weet 297 wAEE A E e
2 X3 gHreg AgEds £ oo g

SR Aol wxfle] 7] Hrk

2glo] 2ASlor sk BEE gefdha, eold
EE fpdon At 7 WA dAA
© 872e TS = Sle Vlsee A
© 75 245 U8 Vs 24 dAelME
SRS WA A% 1AL 71 715S
A gl At A9 Vsl Al B Ul
o= st e, o weh A ke
e AiEn &£ dede 219 e Z=
Aag vieR =5d 7ls5S Table 19 #
Zof okt =5E Vse R Ads
Hooha ok oA 7R A WA 7 (D
sfre] ol + HAle ) 499 3de 7%

o hid
5719 Adteltt. 3) It F71E L& ke



KSAU(C

CEE8-EA WA Y48 AAHY JI8E £4 831

Table 1. Requirement allocation sheet (RAS)

Requirements and Functions

- - Equipment
Categories Sub-categories
(1) Supply seawater Supply seawater continuously Seawater pump
(2) Produce steam Supply steam as the main heat source for the evaporator Boiler
(3) Compress vapor Produce high-temperature/high-pressure steam Thermal vapor compression (TVC)
Evaporate seawater in/under room temperature Evaporator (MED)
(4) Bvaporate Seawater Maintain vacuum condition Vacuum pump
Send out vapor to the next evaporator Joint Assembly (Pipeline)
Condenses vapor to produce distillate water Evaporator (MED)
(5) Condense vapor — —
Get distillate water Distillate Tank

(6) Produce cold water | Produce cold water using seawater evaporation latent heat | Chilled water pump, Evaporator (MED)
(7) Recycling steam Send out vapor to the next evaporator Ciredlation pun, Joint: Assertbly (Pipeline)

8) Discharge the con-

centrated water(bring) Discharge the concentrated water(brine) Brine Tank

Transfer the vapor from the last evaporator to the

adsorption tower Joint Assembly (Pipeline)

(9 Adsorb vapor using

Supply cooling water to remove adsorption heat
the adsorbent pply ng p

generation Cooling water Pump

Adsorb vapor using the adsorbent Adsorption Tower

(10) Switch the
adsorption/ Switch cooling water and hot water supplied to
desorption(regen | the adsorption and desorption(regeneration) tower
erate) mode

Switching valves for mode
change, Switching valves for
cooling water and hot water

(11) Regenerate the Supply hot water in the regenerate tower Hot Water Pump
adsorbed vapor Desorb the adsorbed water in tower Regeneration Tower
Transfer the regenerated vapor steam to the condenser Joint Assembly (Pipeline)
(12) Condense the
Condenser, Shell and Tube Heat
regenerated Condense the regenerated vapor
vapor Exchanger
Store the condensed water Distillate Tank
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Table 2. Failure rate from NPRD 2016 and estimated mean time to repair(MTTR) of each equipment

. Failure Rate | MTTR(hr)
Equipment Category, Subcategory FPMED | (estimated) MTTF (hr) | By (hr)

(1) Seawater Pump Pump, Centrifugal 13.719568 24 72,889 7,680
(2) Boiler Boiler, Steam, Low Pressure 14.740752 14 67,839 7,148
(3) Thermal Vapor ]

Compressor (TVC) Compressor, Vapor 0.422819 10 2,365,078 249,186
(4) Multi-Effect

Desalination (MED) Evaporator, Condensator 13.991493 96 71,472 7,530
(5) Circulation Pump Pump, Centrifugal 13.719568 24 72,889 7,680
(6) Vacuum Pump Pump, Vacuum, Reciprocating 1.843373 24 542,484 57,156
(7) Chilled Water Pump Pump, Centrifugal 13.719568 24 72,889 7,680
(8) Adsorption Tower Dehydrator, Desiccant 6.030358 24 165,828 17,472
(9) Regeneration Tower Dehydrator, Desiccant 6.030358 24 165,828 17,472
(10) Cooling Water Pump Pump, Centrifugal 13.719568 24 72,889 7,680
(11) Hot Water Pump Pump, Centrifugal 13.719568 24 72,889 7,680
(12) Switching valves for Valve, Control 1.667805| 16 599,590 63,173

mode change
(13) Switching valves for Valve, Control 1.667805| 16 599,590| 63,173

cooling water
(14) Switching valves for Valve, Control 1.667805| 16 599,590| 63,173

hot water
(15) Joint Assembly Pipe Assembly, General 0.422819 15 2,365,078 249,186
(16) Heat Exchanger Heat Exchanger, Water 9.903671 50 100,973 10,639
(17) Condenser Condenser, Shell/Tube 5.211851 10 191,870 20,216
(18) Distillate Tank Tank, Liquid, Water 0.173123 12 5,776,240 608,588
(19) Brine Tank Tank, Liquid, Water 0.173123 12 5,776,240 608,588
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