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Challenge

A brackish water reverse osmosis (BWRO) train typically
employs 2 to 3 stages and has a recovery of 75-85%. The
rejected brine must be disposed in accordance with local
ordinances. Brine management is costly, especially in inland
areas. Increasing the recovery rate not only enhances the
water supply but also reduces the volume of the brine to be
treated. However, the recovery rate in BWRO is usually
limited by the scaling potential of sparingly soluble minerals
in the feed. Using antiscalants alone at high recoveries may
not be very effective as they only interfere with the
precipitation of salts on the membrane surface instead of
stopping it, and overdosing may even cause fouling issues.

Research Approach

One way to mitigate scaling at ultrahigh recoveries is a
transient and cyclic operation where membranes are
periodically flushed. Examples include DuPont'’s
closed-circuit RO (CCRO) and ROTEC's flow reversal RO
(FRRO). We proposed a new cyclic design called Variable
Configuration RO (VCRO), which consists of two subsystems
(a two-stage RO and a RO with flow reversal and retentate
recycle, or FRRR). The operation periodically switches
between two different configurations - a series connection
of the two subsystems for full production, and a parallel
connection for partial production and flushing of the most
concentrated membranes using the undersaturated fresh
feed. The retentate recycle is optional, if used, may thin the
boundary layer at the expense of a higher energy
consumption.

In this 6-month research program we proposed to use
WaterTAP to develop a detailed model of the 1.8MGD RO
train in Chino | Desalter. We will calibrate the model with
plant performance data previously collected by our research
team, compare the model to other differential algebraic
equation models we have developed, and then use the
WaterTAP model to estimate the cost of adding a VCRO to
the Chino plant operated at 90%.
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Impact

Two-stage BWRO plants with an 80% recovery are usually
operated far above the thermodynamic limit. Because
energy recovery devices (ERDs) are rarely used in these
plants, a fair amount of hydraulic energy of the brine is
dissipated via the brine control valve. Adding one stage and
increasing the recovery to 90% or higher may have
comparable or even lower Specific Energy Consumption
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Figure 1. (a) System design with variable configurations. (b) Two
subsystems arranged in series as shown by the colored thick lines. (c)
Two subsystems arranged in parallel as shown by the colored thick lines.
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Accomplishments & Findings

Our modeling shows that, while FRRO balances salt load
among all blocks in stages 1 and 3, there might be
concentration hotspots during transition steps. In pilot tests
of ROTEC's FRRO with a 3:2:1 array at the Arcadia plant, a
significant concentration overshoot was reported every time
that blocks rotation and flow reversal occur at the same
time. Moreover, the specific flux (or membrane permeability)
in stages 1 and 3 decays at a faster rate than that in stage 2.

In our model of VCRO, the FRRR unit is disconnected from
the multistage subsystem, flushed using the fresh feed, and
then reinstated for full production. If the feed direction is
reversed during the flushing step, a similar concentration
wave would propagate along the FRRR subsystem without
negatively impacting the multistage RO subsystem.
Moreover, reverse flux may occur in some part of the
membrane, which would loosen foulants/scalants from the
membrane surface2.

Our analysis provides a range of new treatment cost/energy
use data as a function of a switching duty cycle and clarifies
and quantifies the benefit of adding a VCRO stage in a
typical two-stage BWRO plant. Ideally, this detailed analysis
can be applied to other BWRO plants to determine where the
addition of FRRR/VCRO is economically attractive.

NAWI is led by DOE’s Lawrence Berkeley National Laboratory in collaboration with the National Renewable Energy
Laboratory, Oak Ridge National Laboratory, National Energy Technology Laboratory, and the SLAC National Accelerator

Opportunities for Further Research

The SEC is estimated to be 0.45 kW h/m3 at 90% recovery
based on design conditions used in this work. A
comprehensive experimental investigation is recommended
to establish the scaling propensity and CIP frequency in
VCRO relative to ROTEC's FRRO.
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