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Minimizing Water Footprint by 
Implementing Semi-Batch Reverse Osmosis
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The State of Water
The World is 

Running Out of 
Water

Industrial & 
Municipal 

Consumption 
Accounts for 70% of 

Freshwater 
Withdrawals in 

Developed 
Economies

• Population growth, rising economies and climate change are 
accelerating the demand for water globally.

• New sources of water are needed today.
• Desalination and reuse are the only sustainable water resources.

• By 2050, residential water consumption will increase 2X, while 
industrial water consumption will increase 5X.

• Wastewater disposal can account for up to 80% of the total cost of 
ownership of a water treatment plant.

• In many industrial plants, water resources limit the maximum 
achievable output for production.

• High efficiency water treatment and reuse are the inevitable future 
of the industry.

The Agricultural Industry Accounts for the Other 30% of Freshwater Withdrawals



The State of Water

“We find that during the 108 month study period, the entire Colorado River 
Basin lost a total of 64.8 km3 of freshwater with a more severe rate of loss 

since February 2010…

We hope that the heightened awareness of the rates of the Basin 
groundwater depletion highlighted here will foster urgent discussion on 

conjunctive management solutions required to ensure a sustainable water 
future for the Colorado Rover Basin and for the western United States.”



The State of Water



Multi-Stage Reverse Osmosis
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• Typically 50% recovery is achieved in each
stage, so a 2-stage system would operate
at 75% recovery and a 3-stage system
would be limited to around 88% recovery.

• Lead elements are typically over-fluxed
and are subject to high fouling.

• Tail elements are subject to low cross-flows
and high salinity concentrations, making
them highly susceptible to scaling.



Simple or Dead End Filtration

Ideal for high recovery, but provides
no crossflow. Crossflow is one of the
most important principles in reverse
osmosis as this is what sweeps the salts
away from the membrane surface.

All of the water fed into
the membrane array is
recovered as permeate.



Closed-Circuit Desalination (CCD™)

• Recoveries from 75%-98% set at the control panel, independent of flux and crossflow.
• Fouling/scaling limited by normalized flux distribution and higher cross-flows independently

controlled by a circulation pump.
• Up to 35% reduction in energy as compared to a conventional RO operating at the same recovery.



Closed-Circuit Desalination (CCD™)

• Reduces Lead Element Flux
• Reduces Cleaning Frequency
• Increases Membrane Life

• Allows for Higher Average Flux
• Better Utilization of Tail Elements
• Increases System Output



ReFlex™ Product Line



ReFlex™ Product Line



Case Study 1: Pulp & Paper
• Location: Gila Bend, Arizona
• Source: Well Water
• Application: Process Water & 

Boiler Makeup
• Objectives: Double Plant 

Capacity, while Decreasing 
Waste to Drain.

• Challenges: Geothermal Well 
with High Levels of Biological 
Activity and Silica (36 ppm)

• Solution: (2) ReFlex 200 Units
• Results: Reliable & Flexible 

Solution Operating as 
Designed.











Case Study 2: ZLD Steel Manufacturing

• Location: Madill, Oklahoma
• Source: Process Wastewater & 

Cooling Tower Blowdown
• Application: Process Water & 

Cooling Tower Makeup
• Objectives: Reduce # of Trucks 

Hauling Wastewater
• Challenges: Hot Water, Variable 

Feed, High Biological Activity
• Solution: (1) ReFlex 50 Unit with 

Pre-Filtration Equipment
• Results: 4 Month ROI









Summary
• The State of Water
• Multistage Reverse Osmosis
• Simple or Dead-End Filtration
• Closed-Circuit Desalination™
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• Questions & Answers
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