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Seawater reverse osmosis energy consumption over time:

Change in.power consumption for the reverse osmosis Typical *SWRO OPEX breakdown
stage in *SWRO plants from the 1970s to 2008
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*SWRO: Sea Water Reverse Osmosis
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Energy demand profile:

e Add flexibility to

More renewable energy the systems

e Shifting electricity
usage during
different periods
of the day

* Energy storage

Electricity demand [GW]

Midnight 6 a.m. Noon 6 p.m.




Demand response technology: Demand response (DR) can be defined as the changes
in electric usage by end-use customers from their
normal consumption patterns in response to changes
in the price of electricity over time.
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Demand response in reverse osmosis:

Energy consumption of continuous and
time-variant RO configurations for various
recovery ratios with 3 g/kg NaCl feed.
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Demand response in reverse osmosis:

Energy consumption of continuous and
time-variant RO configurations for various
recovery ratios with 3 g/kg NaCl feed.
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Demand response in reverse osmosis:

Energy consumption of continuous and
time-variant RO configurations for various
recovery ratios with 3 g/kg NaCl feed.
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Demand response in reverse osmosis:

Energy consumption of continuous and
time-variant RO configurations for various
recovery ratios with 3 g/kg NaCl feed.
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Demand response in reverse osmosis:

Energy consumption of continuous and
time-variant RO configurations for various
recovery ratios with 3 g/kg NaCl feed.
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The plant can dramatically vary its energy needs and thus allow it to be a demand response-type
system. When power is plentiful, it desalinates from medium to high salinity, if not, low to medium.

Therefore the chemical potential from differences in salinity acts as the energy storage medium. .



Modelled configurations:

Continuous reverse osmosis (RO)

Pure Water
( (
- - EE—
( 0
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W T, + APy + NAP,
RO n,RR
Where: Whro: Specific energy consumption RR : Recovery ratio

T, Osmotic pressure

AP; : Terminal overpressure

AP, : Viscous losses each pass

Np : Pump efficiency

N : Number of stages



Modelled configurations:

Continuous reverse osmosis + pressure exchanger (RO-PX)c

Reverse Osmosis modules
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Where: P
Wro: Specific energy consumption RR : Recovery ratio np : Booster pressure pump efficiency
AP; : Terminal overpressure 1, : High pressure pump efficiency Ty Osmotic pressure
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AP, : Viscous losses each pass Npyx : Pressure exchanger efficiency



Modelled configurations.

Batch Reverse Osmosis:

Applied pressure vs
RR for continuous
and batch RO
feed salinity: 3 [g/kg]
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Batch RO: High Pressure Tank Concept
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Modeled configurations: Batch reverse osmosis - modeling process

Feed Side ]W — A(AP _ AT[)
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Where: —
ere ]S — BA Cm
Jw: Water Flux
Js: Salt Flux C.p : Bulk concentration in the feed side
AP: Pressure difference C.m : Feed side concentration in the membrane
Am: Osmotic pressure difference Csup * Concentration in the support layer
A: Membrane permeability Coefficient C4m : Concentration in the membrane in the permeate side

B: Salt permeability Coefficient C,4p : Bulk concentration in the permeate side



Reverse osmosis - model results: specific energy consumption

Continuous RO
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Power

Reverse osmosis: split process
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Power demand variations for split processes :

Ratio
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Demand response applied to electric utilities — Economic Analysis

Demand response programs

— Incentive based programs Super Off-Peak Off-Peak On-Peak  Off-Peak

— Classical

—— Market based

—— Price based programs

Time of use (TOU) \

— Critical peak pricing (CPP)

\ 4

Electricity Cost

—— Extreme day CPP (ED-CPP)

— Extreme day pricing (EDP)
12 a.m. 6 a.m. 4 p.m. 9p.m. 12 a.m.

—— Real time pricing (RTP)

Albadi, M.H., ElI-Saadany, E.F., 2007. Demand Response in Electricity Markets: An 21
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Demand response applied to electric utilities — Economic analysis

Case 1:
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Demand response applied to electric utilities — Economic analysis

Case 2:
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Conclusions:

e Reverse osmosis technology may turn into a demand-response type of process
by splitting it in different stages.

e The configuration where the continuous reverse osmosis is paired with a
pressure exchanger stands out as the variation where the highest energy
variations may be obtained.

 The ability of changing the power demand in the reverse osmosis plants allows
its integration with different sources of renewable energies.
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