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Performance improvement of thermal seawater desalination process using brine reheating
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Abstract: As thermal seawater desalination requires a fairly large amount of energy to produce freshwater compared with other
processes, it is very important to reduce energy consumption through the improvement of a process. This paper proposes a
method to reduce energy consumption for multistage flashing desalination (MSF) plants, which currently operate mainly in the
Middle East region. In the MSF process, the brine that has not been evaporated in the preceding stage is supplied to the next
stage; this supplied brine is evaporated in the next stage at lower pressure and temperature conditions. This process is con-
tinued from the first stage to the last stage. In this study, the energy consumption could be reduced by reheating the brine to
the top brine temperature (TBT) and by transferring a part of brine to the stage following the next stage, or by reheating the
brine supplied to the next stage up to the TBT. According to the calculation results, the specific energy required to produce 1
kg of freshwater can be reduced by up to approximately 5 % if the proposed brine reheating method is applied to MSF plants
that are currently in operation.
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Figure 1: Global physical and economic water scarcity from
UN report[4].
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Figure 2: Water distribution on Earth. Rivers available to
humans is only 0.0003 % of total water on Earth from UN
report[4].
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Figure 3: Ion removal through the ion exchange membranes

in electro-dialysis from KAERI report [12].
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Figure 4: Membrane filtration through the current commer-
cial membranes. For RO filtration, a very high pressure
should be applied due to the atomic sized pores formed on

a membrane surface from KAERI report [12].
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Figure 5: Schematic diagram of multi-stage flashing (MSF) type seawater desalination process. In most real MSF plant, the

stage number is over twenty[16]. This figure was cited from the work by Ali and Lawrence[17], and largely modified to pro-

vide a clear understanding of MSF process.

SharutA A o] & 5hs] %] Al43¢W A|6%(2019.7)

403



ATV —_ Qe:r,/z\* (7)

m se()c[)/se()

/‘\4 (7)0]]/%] Cp/sea}lf Tseag/] '\Q:Ei %%E]’E‘ %21]—8]1'{!7:94
Aymldolar, gudllars BERRISIEE AA 17 T2
o nAQER Fo A T WAAE fao) 97
SEE m, =m0tk web] FFAE 2 g 2
PE=} Jqlo}um ZHLZﬂg SHEAN F 199 $FE
LS = A @) =E=E FAeH |

Qer i

an 950+AT’A+24‘/ (8)

i=1 mmcp/i

2l ®°] Tpo® 19 SF7|A w2 Y74
vERols|Elo] o) 1¢e] AL gt £k
HU} = AE R sty ooyt BRI EoA FukEw,
BHERIFEANA SFE  TuolA TeZbA E5A1717] 9
3 oA=& 9o g Aatdh

Qhaating = msaacp/out( TTBT_ Touf,) (9)

A 9NA oo ZE7F Towd W] al5=2] UH D&
vehdH, #A] F8dn R HE I Qe MSF siEs
s}Adn) o] TBT YuHA 02 90~110°Co] TH15][19][20].

TBTE= L75= @58, MSF SWES] ¢xz=A
HOMSF FAES A AR B ST E el

o) A5, TBT7} 100°C ©]atelw A Tu7)= WE
el A &1 a1, TBTZE 100°C ool A5 4% &
W71 g7 o]} aEa YA gitEe] Sv)e X
/3 EHlA & E.

MSF EWES] WA F27]9] 792 Figure 50 221
A3} ko] mpAut Fdetd} A4 o
z;H ﬁx%}%_atﬂ
7}*(Non—condensable Gas, NCG)2} viA|} &
A e 75718 Hohlle 98-S 9

718 A o2 MSF % MED %49 Zu2

Hl = wh2 3} Blatsto] kel o A&

HE 1 kg AdskEd FYEE O
SECE Alitste] FAES] a&S Hrishe 2lo] dWtA o]
CH2][10][11].

me’ua/ tot

SEC= (10)

heating

3. MSF B}l A&&
MED % MSF §2)9] S84 sfj=aahidv] = whg2
7} vlaste] @pEAabs 94g ojuR| &Nzt 7] wE
2] 10)2] SECE #&A1717] 9 thegst /dATEel A

oL >

SharutA A o] & 5hs] %] Al43¢W A|6%(2019.7)

L E N

Ho

o R E A0 11][15].

B AT A= 7)E ATE = 2 Figure 69 K31
B ol RRE FWINA FeA B e wew |
o7b melels] AR A BRE vHAT B 194
AUH7], & E%%K(Leap Frog)d2 o2 TBTZHA 7tE 3k £
of F SRV|E o]FForA SECE A =
wetel ojs) AEasi
24914 oln] A5 R MSF A9 sl
14 A5AAE S8 o8 5 gl Aee Fuee) &
=*KTotal Temperature Difference, TTD)= X—]Q]E]T___‘ I
TR FHHE 7hdsae] 2529 TBT9 &
9 5 emshel Aelth,

»

ul

2

ol o\ rfo
Ji
HU

TTD=TBT—T. (11)

sea

MSF a3} ol M= 2ol A 53t whs}
ST A o] FHE 13 FUE Bl ¢ito] A
= Zub)e A5 Ej2er) 2
© vt 4 Sddke] 23lgteel di-gote X w
o} 4 (Boiling Temperature Elevation,
BTE)o] 2tk vk ol & @)= AlLketr] 919k v
AA] Zh Fidmie) vh27] v Bk gekgk AlLks 918
A olelgh WskE argafoRtt ARk At A= 4%
o Od%ff} A} o] ALt o] deshE flal FAISIT

Aol A= Brine] A2 Figure 69} Zo] AekA o
A o—éldr Brines NWAZ A7tdsto] g5dhe Aow
FH77F A4 dol2E F3) s F
2 A5 2E oY Aol Qs Ao w o] F
i S719] a12-9] Brine©] e A 29| 8t

T2 o|FHH T Hre Fke 1 e
9] Brine®] FelA s = FFEE A9olRt & ©HeE A
AEE7E STkt ER A ool 4 Qlrh AR
Brineo] HelQl 2 HAAH F
=} Figure 69 E=A|% s
NA drolA e Bkl dd
01% 7hsgk Ao dF 3 3T 7| =

o] A9 Agw Bl dudtrle o3 FUt=
7}0"5]0101“7}4 Figure 6% 7|5 ZFolAl shFAlelol
Adsts HAFS BoET) Figuwre 62 AME 7158 259
He o] Ao|7} AT e HElRlEE MA FRE F
A2 5 vk RelA sHFR o5 ® BEls rhdst
7] $18 dugr|7F desie dnbAow dAFrY Ee

m

o]

[o N

3|
el
ZlE)

oN B

ol
-

e

404



s shdnl o) e i

| tossage y | v | v I A
Brine 1st 1 Last
with TBT stage stage
I O T O AR O B R O R O O
| L rejection
2 to 4 stage N-2 to N stage

Figure 6: Brine re-utilization by the leaf-frog type brine transfer. The transferred brine should be heated to TBT through the

double pipe type heat exchanger(DPHX). Heat source of DPHX is supplied from a power plant.
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Table 1: Calculation results by the variation of the TBTs
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Table 2: Calculation result between normal and re-utilization

the first stage (°C)

Note (4) Heating energy for brine heater (MW)
Note (5) Power of seawater supply pump (kW)
Note (6) Power of condensate pump (kW)
Note (7) Power of brine rejection pump (kW)
Note (8) Total energy for fresh water (kW)

Note (9) Required energy to produce the unit
mass of freshwater (MW/kg).

Figure 7: Freshwater production rates and the cooling sea-
water outlet temperatures at each stage in the normal MSF

plant operation with the TBT of 90 °C.

SharutA A o] & 5hs] %] Al43¢W A|6%(2019.7)

TBT TBT TBT TBT plant by the TBT 90°C
Division | gooc 100°C | 110°C | 120°C
TBT 90°C Normal
ATeva(l) 2.5 3.0 3.5 4.0 Division TBT
Mfw(2) | 6,962.5 | 8,572.6 | 10,174.6 | 11,769.6 25.4mm| 50.8mm | 76.2mm | 101.6mm| 90°C
Tew(3) 76.08 85.11 94.00 102.76 ATeva(l)| 2.5 95 25 y 95
Ebh(4) 1,622.3 | 1,739.0 | 1,873.3 | 2,0254
Mfw(2) | 6,995.4 | 7,028.4 | 7,061.4 | 7,094.3 |6,962.5
Psw(5) 1,6702 | 1,6702 | 1,6702 | 1,6702
Tew(3) | 7628 | 7647 | 76.66 | 76.86 | 76.08
Pfw(6) 532.0 655.1 771.5 899.4
Pbr(7) 7411 728 5 716.0 7036 Ebh(4) |1,599.7 | 1,577.1 | 1,554.5 | 1,531.9 | 1,622.3
Etot(8) 1,625.3 1,742.1 1,876.5 | 2,028.6 Psw(5) | 1,670.2 | 1,670.2 | 1,670.2 | 1,670.2 | 1,670.2
Eunit(9) 0.233 0.203 0.184 0.172 Pfw(6) | 534.5 | 537.1 | 539.6 | 542.1 | 532.0
Note (1) Temperature difference between Pbr(7) 740.5 739.9 7393 738.7 741.1
the evaporators(°C)
Note (2) Production of fresh water (k/hr) Etot(8) | 1,602.7 | 1,580.1 | 1,557.5 | 1,534.9 | 1,625.3
Note (3) Temperature of cooling seawater from Eunit(9) | 0.229 0.225 0.221 0.216 0.233

Note (1) Temperature difference between
the evaporators(°C)

Note (2) Production of fresh water (kg/hr)

Note (3) Temperature of cooling seawater from
the first stage (°C)

Note (4) Heating energy for brine heater (MW)
Note (5) Power of seawater supply pump (kW)
Note (6) Power of condensate pump (kW)
Note (7) Power of brine rejection pump (kW)
Note (8) Total energy for fresh water (kW)

Note (9) Required energy to produce the unit mass
of freshwater (MW/kg).

Table 3: Comparison of freshwater production rate and spe-
cific energy consumption between normal and re-utilization
plant by the TBT 90°C

Freshwater Specific energy
Operating production rate consumption
case
(kg/h) (%) (MW/kg) (%)
Normal 6,962.5 100% 0.233 100%
25.4mm 6,995.4 | 100.47% 0.229 98.14%
50.8mm 7,028.4 100.95% 0.225 96.31%
76.2mm 7,061.4 | 101.42% 0.221 94.49%
101.6mm 7,094.3 | 101.89% 0.216 92.68%

406



nekel AAe ol §F B

Table 4: Calculation result between normal and re-utilization
plant by the TBT 100°C
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Table 6: Calculation result between normal and re-utilization
plant by the TBT 110°C

TBT 100°C Normal U LU Normal
Division TBT Division TBT
25.4mm | 50.8mm | 76.2mm | 101.6mm/| 100°C 254mm | 50.8mm | 76.2mm |101.6mm| 110°C
ATeva(l)| 3.0 3.0 3.0 3.0 3.0 ATeva(l)] 3.5 3.5 3.5 3.5 3.5
Mfw(2) | 8,618.6 | 8,658.8 | 8,710.7 | 8,756.7 | 8,572.6 Mfw(2) |10,236.1| 10,289.0 | 10,359.0 | 10,420.4|10,174.6
Tew(3) | 85.38 85.62 85.92 86.20 85.1 Tew(3) | 94.37 94.68 95.09 95.45 94.0
Ebh(4) | 1,707.4 | 1,679.8 | 1,644.3 | 1,612.7 | 1,739.0 Ebh(4) | 1,831.1 | 1,794.7 | 1,746.6 | 1,704.4 | 1,873.3
Psw(5) | 1,670.2 | 1,670.2 | 1,670.2 | 1,670.2 | 1,670.2 Psw(5) | 1,670.2 | 1,670.2 | 1,670.2 | 1,670.2 | 1,670.2
Pfw(6) 658.6 661.6 | 665.6 669.1 655.1 Pfw(6) | 782.2 786.2 791.6 796.3 777.5
Pbr(7) 727.7 726.9 726.0 | 725.1 728.5 Pbr(7) 714.9 713.9 712.6 711.5 716.0
Etot(8) | 1,710.5 | 1,682.9 | 1,647.3 | 1,615.7 | 1,742.1 Etot(8) | 1,834.3 | 1,797.9 | 1,749.8 | 1,707.6 | 1,876.5
Eunit(9) | 0.198 0.194 | 0.189 | 0.185 0.203 Eunit(9) | 0.179 0.175 0.169 0.164 | 0.184

Note (1) Temperature difference between
the evaporators(°C)

Note (2) Production of fresh water (kg/hr).

Note (3) Temperature of cooling seawater from
the first stage (°C)

Note (4) Heating energy for brine heater (MW).
Note (5) Power of seawater supply pump (kW).
Note (6) Power of condensate pump (kW).
Note (7) Power of brine rejection pump (kW).
Note (8) Total energy for fresh water (kW).

Note (9) Required energy to produce the unit mass

of freshwater (MW/kg).

Note (1) Temperature difference between
the evaporators(°C)

Note (2) Production of fresh water (kg/hr).

Note (3) Temperature of cooling seawater from
the first stage (°C)

Note (4) Heating energy for brine heater (MW).
Note (5) Power of seawater supply pump (kW).
Note (6) Power of condensate pump (kW).
Note (7) Power of brine rejection pump (kW).
Note (8) Total energy for fresh water (kW).

Note (9) Required energy to produce the unit mass
of freshwater (MW/kg).

Table S: Comparison of freshwater production rate and spe-
cific energy consumption between normal and re-utilization
plant by the TBT 100°C

Table 7: Comparison of freshwater production rate and spe-
cific energy consumption between normal and re-utilization
plant by the TBT 110°C

Freshwater Specific energy Freshwater Specific energy
Operating production rate consumption Operating production rate consumption

o (kg/h) (%) (MW/kg) (%) o (kg/h) (%) (MW/kg) (%)
Normal 8,572.6 100% 0.203 100% Normal 10,174.6 100% 0.184 100%
25.4mm 8,618.6 | 100.54% 0.198 97.66% 25.4mm 10,236.1 | 100.60% 0.179 97.16%
50.8mm 8,658.8 | 101.01% 0.194 95.64% 50.8mm 10,289.0 | 101.12% 0.175 94.74%
76.2mm 8,710.7 | 101.61% 0.189 93.06% 76.2mm 10,359.0 | 101.81% 0.169 91.59%
101.6mm 8,756.7 | 102.15% 0.185 90.80% 101.6mm 10,420.4 | 102.42% 0.164 88.85%
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Table 8: Calculation result between normal and re-utilization
plant by the TBT 120°C

TBT 120°C Normal

Division TBT
25.4mm | 50.8mm | 76.2mm |101.6mm| 120°C

ATeva(l) 4.0 4.0 4.0 4.0 4.0

Mfw(2) | 11,849.1|11,916.7| 12,007.9 | 12,087.3 | 11,769.6

Tew(3) | 103.23 | 103.62 | 104.16 | 104.62 | 102.8

Ebh(4) | 1,970.7 | 1,924.1 | 1,861.3 | 1,806.6 | 2,025.4

Psw(5) | 1,670.2 | 1,670.2 | 1,670.2 | 1,670.2 | 1,670.2

Pfw(6) | 905.4 910.6 917.6 923.6 899.4

Pbr(7) 702.1 700.8 699.1 697.6 703.6

Etot(8) | 1,974.0 | 1,927.4 | 1,864.6 | 1,809.9 | 2,028.6

Eunit(9) | 0.167 0.162 0.155 0.150 0.172

Note (1) Temperature difference between
the evaporators(°C)

Note (2) Production of fresh water (kg/hr).

Note (3) Temperature of cooling seawater from
the first stage (°C)

Note (4) Heating energy for brine heater (MW).
Note (5) Power of seawater supply pump (kW).
Note (6) Power of condensate pump (kW).
Note (7) Power of brine rejection pump (kW).
Note (8) Total energy for fresh water (kW).

Note (9) Required energy to produce the unit mass
of freshwater (MW/kg).

Table 9: Comparison of freshwater production rate and spe-
cific energy consumption between normal and re-utilization
plant by the TBT 120°C

A4 -

Freshwater Specific energy
Operating production rate consumption

o (kg/h) (%) (MW/kg) (%)
Normal 11,769.6 100% 0.172 100%
25.4mm 11,849.1 | 100.68% 0.167 96.65%
50.8mm 11,916.7 | 101.25% 0.162 93.84%
76.2mm 12,007.9 | 102.02% 0.155 90.09%
101.6mm 12,087.3 | 102.70% 0.150 86.87%
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Figure 8: Comparisons of the brine flow rates between nor-
mal andre-utilization plant by the TBT 90°C.
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Figure 9: Comparisons of the salinity between normal and Figure 11: Comparisons of freshwater flow rates from the
re-utilization plant by the TBT 90°C. operation conditions of the normal MSF plant and the brine
re-utilization plan by the TBT 90°C.

Figure 12: Comparisons of freshwater flow rates from the

Figure 10: Comparisons of the cooling seawater temperature operation conditions of the normal MSF plant and the brine
between normal and re-utilization plant by the TBT 90°C. re-utilization plan by the TBT 100°C.
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Figure 13: Comparisons of freshwater flow rates from the
operation conditions of the normal MSF plant and the brine
re-utilization plan by the TBT 110°C.

Figure 14: Comparisons of freshwater flow rates from the
operation conditions of the normal MSF plant and the brine
re-utilization plan by the TBT 120°C.
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