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Abstract : This study was conducted to supply information that can be utilized as data for desalination plant construction in the
future by estimating unit cost of water production in the potential site of Incheon, Daesan, Yeosu, Busan, Ulsan and Sokcho in
Korea. The production costs in Sokcho and Ulsan were similar to those of Busan and Yeosu. Those four sites showed better economic
range due to low construction cost for intake facility compared to Incheon and Daesan. Although the salinity measured in the above
6 sites did not show perceptible effect on the production cost, the difference of seasonal seawater temperature needs to be considered
due to the change of flux in reverse osmosis (RO) membrane. It turned out that the most critical parameters are the amortization
in a year by the analysis of life cycle and the capacity of plant. Incheon and Daesan showed the difference of production cost up
to 29% at the condition of amortization in 25 year, and up to 22% depending on plant capacity. However, the production cost in
this study did not take into account of other indirect costs, therefore, this should be considered as the minimum cost.
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Fig. 1. Composition of the water production cost in desalination
processes.'?
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Fig. 2. The relationship of capex and opex on water price®®
(Conc, 35,000 mg/L, Temp 15-30C, 2™ pass 50%, SEC
35 KA/, Blectricity price, 0,08 $/KWh, Interest rate 6%).
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Sites Seawater temp. (C) Salinity (PSU)
Incheon 2'1(25“%)63 17.05~31.62
Daesan 3'(‘;?;'9 25 41~31.96

Yeosu 6'8(28?97)'74 23.87~30.42
Busan ! 0(11;.26;'7 31.04~3436

Ulsan 9'7(;2)5 Y 2916~3376

Sokcho 4'(‘;?;'8 28.03~34 43

Fig. 3. The salinity and seawater tempeature of several sites®” (2015 statistics).
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Table 2. The difference of the height of the tide in 6 sites in
2015%
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Table 3. The variables for calculating the construction cost

Sites Incheon Daesan Yeosu Busan Ulsan Sokcho

Temp. (C)

Feed concen-
tration (mg/L)

15-28

30,000 30,000 30,000 35,000 35,000 35,000

Pretreatment Difficult
Second
pass (%) 50
Intake Difficult  Difficult Typical Typical Minimum Minimum

2200

g

Construction cost/capacity ($/m?)

1200

1000

0 20000 40000 60000 80000 100000 120000
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A Eastsea o Yeosu ¢ Busan ®m WestSea

10% Iy
13.8%
%

Eag sea East sea West sea
10,000 m¥/d 100,000 m3/d 10,000 m¥/d

Fig. 4. The comparison of construction cost for 6 sites (East
sea : Sokcho, Ulsan, West sea : Incheon, Daesan, Refer
to www desaldata,com),
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Table 4. The construction cost for A site desalination plant

50,000 m®/d

ltems A site (50,000 m*/d) %

Site preparation 2,574,390 35
Construction 32,205,750 433
Materials & Devices 30,879,350 415
Design 1,800,400 24

Test run 1,805,600 24

The others 5,188,700 70
Total 74,454 190 100
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120 Table 5. The electric charge for the range of 10,000 to 100,000
m®/d capacity (unit : Won)
'§ o0 ’g Industrial Electric charge Charge | Charge |l Charge llI
é oo o Recovery40% e Recovery45% e Recovery 50% Recovery 55% Recovery 60% Average Elegtric Charge 9456 89_55 87'90
8 except basic charge
g s Average Electric charge for
g operation power 108,84 103,28 101,55
3 4.0 kWh/m® (10,000 m®/d)
g Average Electric charge for
2 om0 operation power 108.75 103,20 101.47
4.0 KWh/m?® (30,000 m%/d)
000 Average Electric charge for
0 20000 O 20000 100000 120000 operation power 108.79 103,23 101,50
, . _ o _ 4,0 KWh/m® (50,000 m%d)
Fig. 7. The change in the intake pipe line construction cost )
due to the recovery rate of plant (refer GRP pipe cost Average Electric charge for
operation power 108.76 103,20 101.48

and GRP connection/laying cost in Korea Price Infor-
mation, www kpi.or kr).
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Fig. 8. The number of RO module under various conditions (a:The
change in SEC as the number of RO module, b: The total
cost as the number of RO module and amortization),
(ERD efficiency 95%, plant capacity 10,000 m*/d, SWRO
element cost : W900,000, BWRO cost : W600,000),
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Table 6. The standard on the number of staff for water purification plant*”

Capacity (m*/d) 2,000 5,000 10,000 20,000 30,000 50,000 100,000
The number of staff 5 7 8 10 13 15 20
Labor cost (1,000 W) 338,690 474,166 541,904 677,380 880,594 1,016,070 1,354,760
, 293,825% 587,6507 881,475% 1,469,125% 2,938,2507
Chemical cost (1,000 ) " b b b
276,000 782,000 1,380,000 2,760,000
a) calculating by Desalination Market 2010 and Voutchkov **?
b) Calculating by Desalting Handbook for Planners®”
QT that 71 ) Sistel A ANY 1w 20000 MU BaclHgst BRE gupol vl A
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Table 7. The construction cost (unit : 10° ¥
Capacity (m®/d) Incheon Daesan Yeosu Busan Ulsan Sokcho
10,000 23,841 23,841 21,460 21,545 21,291 21,291
30,000 62,481 62,481 56,241 56,464 55,798 55,798
50,000 96,788 96,788 87,607 87,949 86,970 86,970
100,000 174,626 174,626 158,061 158,679 156,912 156,912
The range of 10,000 383~542 383~542 184~271 184~271 184~271 184~271
construction cost 30,000 704~980 704~980 352-490 352~490 352-490 352-490
for intake and brine 50,000 923~1185 923~1185 462~593 462~593 462~593 462~593
pipe fine 100,000  1283~1684 1283~1684 641~804 641~804 641~804 641~804
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Table 8. The cost range of 4 core parameter for water price (unit : 10° )
s 10,000 (m*/d) 30,000 (m%/d) 50,000 (m®/d) 100,000 (m*/d)
15year 20year 25year 15year 20year 25vyear 15year 20year 25vyear 15year 20year 25 year
Total water production (10 m3) 5475 7300 9125 16425 21900 27375 27375 36500 45625 54750 73000 91250
Chemicals 3300 3996 4556 9887 11976 13652 16486 19969 22763 32973 39937 45526
Labor 6083 7368 8399 9887 11976 13652 11402 13811 15743 15207 18419 20996
RO moudule 1952 2364 2695 5857 7094 8087 9761 11823 13477 19523 23646 26955
Power 4.0 KWh/m® 16632 20145 22964 49897 60436 68893 83161 100726 114821 166311 201439 229627
3.5 KWh/m® 14522 17590 20051 43657 52878 60277 72758 88125 100457 145526 176264 200930
Table 9. The range of water price (unit : ¥/m°)
s 10,000 (m®/d) 30,000 (m®/d) 50,000 (m®/d) 100,000 (m®/d)
15year 20year 25year 15year 20year 25year 15year 20year 25year 15year 20year 25 year
Incheon/ Min, 915 833 714 890 734 630 837 692 595 780 647 557
Daesan Max, 956 870 748 930 770 663 877 727 627 819 682 589
Veos, Min, 868 790 680 841 697 601 795 660 569 742 618 534
Max, 908 826 713 880 733 633 833 695 601 780 653 566
Busan Min, 869 791 681 842 699 602 796 661 570 743 619 535
Max, 909 827 714 881 734 634 835 696 602 782 654 567
Ulsan/ Min, 865 787 677 838 695 599 792 658 567 739 616 533
Sokcho Max, 905 823 71 877 730 631 830 693 599 778 651 564
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