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United Nations Sustainable Development Goals 

To meet the 2030 target year, the pace of progress will need to 
accelerate… 

6X for global coverage of Drinking Water
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Water Shortages 
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Inland Desalination 
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Reverse Osmosis and Nanofiltration 

NF270NF90 5
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Yuma Desalting Facility

Working with ESU unit
• 2:1 array  
• RO feed water is 

pretreated main outlet 
drain extension 
(MODE) surface water 
available at the YDP 
(2000 mg/L TDS). 

• We used BW30- 2540, 
NF90-2540 and 
NF270-2540 
membranes 
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Hypothesis

Including Nanofiltration in the industry baseline desalination treatment train 
at different stages or as a pre/post treatment to reverse osmosis (RO) can aid 

the desalination process by improving RO performance and overall 
lowering energy requirements of the desalination process.
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Objectives

1. Assess the best hybrid configuration to increase membrane lifetime, 
further concentrate brine, decrease specific energy consumption (SEC), 
and increase water quality.

2. Identify a modeling strategy that can effectively compare the trade-
offs between rejection, water flux, cost, and system energetics of NF-
RO and RO-NF compared to conventional RO.
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Reverse Osmosis System Configuration

Challenges
-High energy consumption
-High scaling potential 

Additional
-Large volumes of brine as a 
byproduct
-High cost depending on TDS

.

RO-RO
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Reverse Osmosis System Configuration Integrating  
NF90 Membrane 

RO-NF90

NF90-RO
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One Stage Reverse Osmosis System Configuration 
Pre/Post Treating using NF270

NF270-RO

RO-NF270
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Equations for Performance Metrics

Salt Rejection Recovery
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Product/Permeate

Concentrate/Brine 
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System Modeling 

Scaling up the Units 10 X 
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0.1 Million Gallons / Day
1 Million Gallons / Day
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System Model Using WAVE 

v Configured a larger pilot 
system on WAVE that 
simulates a 1MGD plant

v WAVE has inputs such as 
- Feed flows
- Feed water quality 
- Recovery
- Membrane type
- Stages
- Membrane elements

.

Feed water quality: 
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v Electric 

v Membrane replacement 

v Water Disposal   

Model Calculations 
Variable Operating and Management Inputs  Components 

vHigh pressure pump +Booster 
pump + Membrane modules + 
Waste Disposal  
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v Annual O&M cost divided by the 
total permeate water produced in 
one year 

Annual Fixed O&M 
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Pilot System Results - Salt Rejections 
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v RO-NF90 and NF90-RO 
have lower rejections of 
monovalent ions 
compared to the baseline 
RO-RO and NF270 
configurations 

v NF270-RO has the 
highest rejections greater 
than 99% for 
monovalent and divalent 
ions



R
es
ul
ts

Pilot System Results– Recovery and SEC 

* Comparing the function of 
the RO when pre/post-treating 20

v ~50% lower SEC of the 
RO element when 
pre/post-treating while 
increasing the recovery 
of the system by ~25%

v NF90-RO is ~60% less 
than the baseline RO-RO 
configuration

* *
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Modeled Results– SEC and Recovery
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v Closer to typical SEC 
values of BW 
desalination

v Follows the same trend 
as the pilot system

* *
* Comparing the function of 
the RO when pre/post-treating
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Modeled Results– Recovery and SEC 
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v Further concentrating 
the brine using the 
NF270, the recovery 
increases while the SEC 
decreases

*
* Comparing the function of 
the RO when pre/post-treating
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Modeled Results– Cost of Variable O&M 
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v When pre-treating, the 
variable operating cost 
of RO decreases by 60%

v Post-Treating decreases 
cost buy 43% 

* *
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Modeled Results– Cost  
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* *

v Adding the additional 
cost of treatment using 
the NF270 membranes 
drastically increases the 
NF270-RO cost 

v RO-NF270 cost remains 
~40% lower than RO-
RO
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Conclusions- Tradeoffs 
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Next Steps- Analysis of Scaling of the systems
  

Done 
v Increased concentration of the feed 

stream to speed up scaling process
v Analyze flows and pressure changes

Working on
v Membrane Autopsies 
v Analysis of the membranes (SEM, 

contact angle, zeta potential) 
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Thank you
Questions? 
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System parameters- Salt Rejections 
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Pilot System Results– 

v Feed of the overall 
configuration 
versus the feed 
entering the 2nd 
stage RO 
membranes 

v Mainly consists of 
monovalent ions 
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Pilot System Results– Recovery and SEC 

v Typical Feed 
concentrations of the 
configurations and the 
2nd stage permeate that 
will be entering back 
into the feed. 

v Higher Monovalent 
ions, less divalent 

v Reduced Sulfate 
concentrations 
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