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Coalinga,	California	–	1965	

source:	UCLA	



Bermuda	Avia*on	–	1974	

source:	Dave	Laker	
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•  14,440	RO	plants	produce	16,075	MGD	

		o 10,340	BWROs	produce	8,400	MGD	

o 4,100	SWROs	produce	7,675	MGD	

o US:	2,114	BWROs	produce	2,445	MGD	

o ROW:	8,227	BWROs	produce	5,955	MGD	

o US:	15	SWROs	produce	plants	105	MGD	

o ROW:	4,085	SWROs	produce	7,570	MGD	

US	vs	Rest-of-World	RO	Capacity		
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Pretreatment 

RO system 

Energy saving 

Post-treat 

Feed water quality 

Capacity 

Pretreatment type 

Membrane type 

Redundant capacity 

Configuration 

High pressure pump 

Energy (pressure) recovery device 

Renewable energy (solar, wind, etc) 

Permeate water 

Concentrate 

Conventional filtration 

Membrane filtration 

Diatomaceous earth filter 

8” diameter / 16” diameter 
Hollow fiber / spiral wound 
Number and size of individual RO trains 
Number of vessels per RO train 
Number of elements per vessel 
Multi stage & passes 
HP and/or Booster pump 
Permeate blending & throttling 
Concentrate recycle 

Centrifugal pump 
Positive displacement pump 

Product water quality 
Remineralization and pH adjustment  
Disinfection 
Boron removal 
Blending (hybrid)  

Intake 

Capacity 

Source water quality 

Intake type 

Subsurface intake 

Surface intake 

Combined intake 

Co-located intake 

Intake 

Pretreatment type 

Pump 
Media filtration 
Cartridge filtration 

Conventional filtration 

Two-stage, granular media 
Single-stage, granular media 

Vertical pressure filter 
Horizontal pressure filter 
Gravity filter 

Media filtration 

Submerged MF/UF 
Pressure MF/UF Membrane filtration 

Number and size of individual RO trains 

8” diameter / 16” diameter 
Membrane type 

Configuration 

High pressure pump 

Pelton wheel 
Turbocharger 
Pressure exchanger 
Turbocharger 

Concentrate 

Shoreline discharge 
Nozzle diffuser 
Wastewater effluent blending 
Blended with cooling water 

Nozzle diffuser 
Wastewater effluent blending 

Flocculation 
Sedimentation 
Dissolved air flotation 
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Total	Carlsbad	Project	Costs	



BWRO	CapEx	&	OpEx	
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Plant	Produc*on,	MGD	(blended	por*on)	

1.2	(0.2)	 2.0	(0.5)	 3.5	(0.5)	 2.5	(0.5)	 7.5	(1.5)	 27.5	(12.5)	

adapted	from:	TWDB,	2012	



Interna*onal	Projects	vs	US	

•  Scope	
•  Ojake	agreement	

•  Plant	Availability	
•  Technical	issues	
•  Development	

•  Level	of	government	par*cipa*on	

•  Environmental,	permikng	

•  Local	condi*ons	



•  RO-compa*ble	technologies	will	con*nue	to	dominate		
•  MF/UF	will	be	the	predominant	pretreatment	technology	

•  Intake/ouZall	will	be	‘fatal	flaw’	issue	in	US	
•  Process	op*miza*on	will	improve	

•  More	small/mid-size	systems	

•  SWRO	will	be	base-load	supply	in	arid	coastal	regions,	
					insurance	policy	in	US	

•  Costs	unlikely	to	come	down	
•  Brackish	water	RO	will	be	the	new	inland	standard	
•  Industrial	use	of	BWRO,	SWRO	will	grow	significantly	
•  More	POE,	POU	systems	

Desalina*on’s	Future	




