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Cost comparison of pretreatment processes in
large SWRO desalination plant
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Abstract : A cost analysis method for pretreament processes of a large scale seawater desalination plant was considered us-
ing a cost estimation model, WaTER (Water Treatment Estimation Routine). This model is based on cost functions of U S, EPA to
conduct economic analysis of water treatment facilities, A virtual seawater desalination plant which has pretreatment production
capacity of 100,000 m® per day was chosen as a model plant, Dual media filtration and microfiltration systems were compared
as pretreatment process, and the following reverse osmosis process was modeled, As a result, microfiltration showed a price
competitiveness in condition of operating with reverse osmosis process by reducing the loads of water treatment and membrane
cleaning despite it’ s high annual cost,
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Table 1. ENR cost categories and indices
L Cost
Cost indices category index Used for
ENR construction cost index
, _ Manufactured &
Construction cost 3.35 . .
electrical equipment
; Labor for operating
Wage 5.73 the plant
ENR building cost index
Building cost 3.07 Housing
Skilled labor 3.67 Excavation and
sitework
ENR materials cost index
Materials 2.35 Piping & valves
Materials 235 Ma1ntegance
materials
Cement 2.30 Concrete
Steel 3.20 Steel
Other
Electricity cost 2.33 Power
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Z 29 HA(ft2)o|th(Kawamura et al., 2008).

Table 2, Input parameters for estimating DMF annual cost

Parameter Input value Note
Media filtration recovery(%) 96 (Henthorne, 2007)
Desired flow rate(m?/day) 100,000
Temperature(°F) 68.0
Pt | o
Wash cycle(hours) 24
TSS density(g/L) 35
Media depth(m) 1
Maximum media 1
capacity(L-TSS/m?)
Loading rate(gpm/sqft) 4.0 (Henthorne, 2007)
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Table 4, Input parameters for estimating RO process perfor-

o & F 14 9 ‘IQFX] ‘T‘V’_}“ﬂ H]%—% A5 mance
o OFA S o1} o
]—4‘ Table 3*‘ 7]’ =] ] MF H]‘g‘ ﬂ'X«S] = Hq]f 1:} Parameter Input value Note
E_ﬂ, %}:—g WE}%E} Feed Total dissolved -
) . 35,000
solids(mg/1)
Averége molecular 3582
weight(g/mol)
Table 3, Input parameters for estimating annual cost of the pres- ’ N
B i - pretreatment process
surized MF Feed flow(l/s) 1,157 .4 permeate
Parameter Input value Note Recovery(%) 45
Plant availability(%) 94 Chloride rejection(%) 99.1
Planned operation time per day(%) 100 Osmotic pressure per 3.220 SW30-8040 (FilmTec)
module(kPa)
MF product flow rate(m?/day) 100,000
Membrane and module ; Net driving pressure 2,280 SW30-8040
25 per module(kPa)
cost(USD/m?)
Module
Flow per module(gpm) 33,02 2 m/d 7] productivity(m®/day) 23 SW30-8040
Number of membranes per module 1 Area per module(m? 277 SW30-8040
Backwash flow(gpm) ! Operating water tem- 25
Backwash intervals(minutes) 38 perature(C)
Backwash and backflush 1 Number of elements 5
duration(minutes) per vessel
CEB duration(minutes) 2 Max vessels per skid 60
CEB times(times/day) 1 membrane life(years) 3
(Henthorne membrane
0, ’ -
Recovery rate(%) 93 2007) diameter(cm) 20.32 SW30-8040
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Table 5, Input parameters for estimating preprocess influence
of RO process

Input value
Parameter Note
DMF-RO MF-RO
Labor 20 19
(Henthorne,
RO Membrane 15 12 2007)
replacement(%)
Cleaning
¢ 4 2
frequency(times) (Voutchkov,
e o X 2010b)
Cartridge filters |01 206usD/) | (OUSD/yT)
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Table 6, Detailed economic analysis for pretreatment processes

Pretreatment process

Cost items

DMF MF
Direct capital cost(USD/yr) NE* 4,979,035
Indirect capital cost(USD/yr) NE 1,992,000
Total construction cost(USD) 6,081,623 6,971,035
Capital recovery(USD/yr) 395,618 453,476
Total O&M cost(USD/yr) 458,650 750,239
Annual cost(USD) 854,274 1,203,715

Annual cost per m*(USD/m?) 0.024 0.035
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Fig. 1. Annual pretreatment cost of the virtual desalination plant
by production capacity
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Table 7. Detailed economic analysis for RO and continuous processes

Process
Costitems RO after DMF RO after MF DMEF-RO MEF-RO
Direct capital cost(USD/yr) 11,899,980 11,899,980 NE 16,879,015
Indirect capital cost(USD/yr) 3,212,995 3,212,995 NE 5,204,995
Total construction cost(USD/yr) 15,112,974 15,112,974 21,194,597 22,084,009
Capital recovery(USD/yr) 983,121 983,121 1,378,739 1,436,597
Total O&M cost(USD/yr) 3,074,594 2,538,755 3,533,251 3,288,994
Annual cost(USD) 4,057,715 3,521,876 4,911,989 4,715,591
Annual cost per m*(USD/m?) 0.247 0.214 0.271 0.250
s17h FolE ko gt chgl, 2 A3l DMF 349 2aulgo] v
Zh A2 A7re]Eate] ks Fol dE 5 &R Qe wedtE Aitoln, 53] 2f=9
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Fig. 2. Annual cost of continuous processes which were con-
sisted of pretreatment and the following RO process by
production capacity
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