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The desalination performance was evaluated in terms of the conductivity of the dilu-

ate, percent conductivity reduction, removal of different ions, water recovery, salt flux, 
and normalized salt removal. 

Salt removal in terms of conductivity reduction is defined as     Percent conductivity reduction ሺ%ሻ ൌ ൬1 െ ா஼೏ா஼೑൰ ൈ 100%, (1)

where 𝐸𝐶ௗ and 𝐸𝐶௙ are electrical conductivities (µS/cm) in the diluate and the feed, 
respectively. 

The water recovery is the percentage of feed water flow that becomes diluate and is 
given by    Water Recovery ൌ ொ೏ொ೑ ൈ 100%, (2)
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where Qd and Qf are flow rates (gpm) of the diluate and the feed, respectively. 
The current density is defined as     Current Density ൌ ூௌభ, (3)

where I is the current (amperage) and S1 is the effective membrane surface area (3,200 
cm2). 

The salt flux is defined as Salt flux ൌ ൫𝐶𝑓െ 𝐶𝑑 ൯ൈ𝑄𝑑  𝑆 , (4)

where  𝐶ௗ and 𝐶௙ are ion concentrations (mg/L) of the diluate and the feed; S is the 
total membrane surface area of the stack. 

The normalized salt removal is given as Normalized salt removal ൌ ൫𝐶𝑓െ 𝐶𝑑 ൯ൈ𝑄𝑑  𝑆ൈ𝐼ൈ𝑉 , (5)

where V is the applied voltage to the electrodialysis stack. 
The relative transport number (RTN) is calculated as  RTN ൌ ൫𝑡𝑖/𝑡𝑟𝑒𝑓 ൯ ൫𝐶𝑖/𝐶𝑟𝑒𝑓 ൯, (6)

where 𝑡௜ and 𝑡௥௘௙ are the transport number of a specific ion (i.e., Ca2+ or SO42-) and 
reference ion (Na+ for cation or Cl- for anion) through the membranes, respectively; 𝐶௜ and 𝐶௥௘௙ are the arithmetic average equivalent concentration of initial and final concentration 
of a specific ion (i.e., Ca2+ or SO42-) and reference ion (Na+ for cation or Cl- for anion) in the 
diluate streams, respectively.  
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Figure S1. Desalination performance as a function of current density in terms of ion concentration, ion removal, conduc-
tivity, conductivity reduction, and pH change. 

 

Based on the testing results, alternative treatment configuration was developed, in 
comparison to the existing baseline in the Scottsdale Water Campus (UF+RO). The blend-
ing analysis and cost comparison were presented on a realistic and common basis using 
the WATSYSTM and Blue Plan-itTM Decision Support System (BPI). WATSYSTM was devel-
oped by Suez Water Technologies & Solutions for designing and maintaining EDR sys-
tems. In order to produce detailed evaluations of multiple process options, The BPI devel-
oped by Carollo Engineers was utilized to simulate the performance of multiple alterna-
tives (https://www.carollo.com/innovation/blue-plan-it). BPI is a tool to manage complex, 
interconnected treatment and conveyance systems. This innovative planning tool is a wa-
ter, salt, and energy balance model that simulates the fresh and brackish water sources 
flow routing, treatment, distribution, and the associated energy demands and costs, which 
is particularly suitable in the field of salinity management. 

Cost evaluation was performed in accordance with the Association for the Advance-
ment of Cost Engineering (AACE) [1]. A detailed cost comparison was developed to eval-
uate the total capital cost, annual operation and maintenance cost, and the total 20-year 
life cycle cost for the proposed treatment alternatives. Major assumptions include 

• EDR costs are based on a quotation from the EDR equipment manufacturer in 
conjunction with the pilot-scale experiment data; 

• MF/UF and RO system costs are based on results from Carollo Engineers' pre-
vious bid projects utilizing same equipment;  

• The Process/Electrical/Control Building assumes a single building with an elec-
trical room and a control room and assumes HVAC and plumbing. The building cost was 
estimated at $250/sf based on Carollo Engineers' recent projects in Arizona and California;  
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• The Civil Site Work line item includes excavation and backfill, general site 
preparation and finishing, with estimation of 5% of the capital costs; 

• The Electrical and Instrumentation line item assumes 25% of equipment costs; 
• The General line item assumes 5% of the total capital cost for mobilization and 

demobilization, temporary facilities, startup, testing, and commissioning;  
• The CCI number for December 2016 is 10531 (20 City Average) and was used 

to escalate previous cost references; 
• Chemical costs were estimated based on quotes received from local chemical 

suppliers supplemented by Carollo Engineers' recent reference projects; 
• Unit power costs were assumed at $0.08/kWh. 
The above assumptions are representative of the current water treatment industry 

construction pricing in the southwestern United States. Additionally, the costs for contin-
gency, contractor overhead, and profit and engineering are based on industry standards 
for a project of this nature. Furthermore, 2-stage and 4-stage EDR systems were evaluated 
in comparison to the existing treatment (UF+RO), respectively. The evaluation was con-
ducted in both WATSYSTM (based on predictive results) and Blue Plan-itTM (based on test-
ing results), independently. 
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