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Salinity gradient power (SGP) – concept 
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Salinity gradient power (SGP) - concept 

- seawater (35 kg of salt per m³): osmotic pressure = 2,700,000 Pa => 27 bar => 270 m of water column 

- to squeeze potable water out of seawater, a pressure of over 27 bar must be applied 
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Salinity gradient power (SGP) – some figures 

 

» Indirect calculation: seawater osmotic energy content:                 
 E = P x V = P x S x d 

producing one m³ fresh water from an infinite amount of seawater : 
E = 2,700,000 N/m² x 1 m² x 1 m = 2,700,000 Nm = 2,7 MJ 

seawater :  2.7 MJ/m³ = 0.75 kWh/m³ 

equals the potential energy “m x g x h” of 1 m³ of water (1000 kg) at 
a height of about 270 m  

 in theory: the osmotic energy within 1 m³ of seawater allows to lift 1 
m³ of water to a height of 270 m 
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Energy of mixing from natural salinity gradient 
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SGP-PRO (Pressure retarded osmosis) 

» Most intensely studied and 
advanced SGP principle: 
research initiated by Sydney 
Loeb (1976) 

» Principle of operation: 
 Transport of water through 

membrane from low 
concentration to high 
concentration 

 Skin layer in contact with high 
salinity side 

 Back pressure on high salinity 
side and increase of volume  

 



28/09/2012 9 
© 2012, VITO NV 

 

» RO versus PRO 

» Δp = 0    →FO 

» 0 < Δp <Δπ →PRO 

» Δp > Δπ →RO 

 

» Work delivered by transport 
of water through membrane 

SGP-PRO (Pressure retarded osmosis) 
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Apparent 
osmotic pressure 
gradient 

Effective osmotic 
pressure gradient 

SGP-PRO (Pressure retarded osmosis) 

» Membrane challenges 
 Rejection layer: 

 High A-value (water flux) 

 Low B-value (salt flux) 

 Support layer: 

 Small S-value 

 

 

 

 Thinner 

 More porous 

 Lower tortuosity 

 Higher back-pressure resistance 
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DMF content % DMF content % 

PSf /NMP-DMF phase-inversion process 
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SGP-PRO Market Players 

 HTI: supplier CTA FO membrane (first generation) 
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SGP-PRO Market Players 

 HTI:  supplier TFC FO membrane (novel product) 
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SGP-PRO Market Players 

 Perifera Inc.: new membrane supplier FO 
 New FO membranes ready for commercial production (June 2012) 

 TFC membranes  stable in wide range of pH & solvent, low 
propensity to foul 

 High power density ~ 10-12 W/m2 

   Pilot- / Demo-projects 
    Norway: Statkraft project (Statkraft + Hydranautics / Nitto Denko) 

    Japan: Mega-ton Water System project (Toray) 
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Statkraft project 
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Mega-ton Water System 
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Mega-ton Water System 
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SGP-PRO 

 

» Main challenges for the coming years 

  High performance membranes 

  Develop low-cost pretreatment 

  Fouling issues 

  Module design (spiral wound/HF) 

  Upscaling (membrane production and PRO-systems) 
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SGP-RE (Reverse Electrodialysis) 

» Principle of operation: 

» Ions are transported 
through membrane due to 
concentration gradient 

» Cell potential is generated 
by selective diffusion of 
ions  

» Electrode reactions induce 
electric current 

» Applicable at different 
salinity gradients 

1. river – sea water 

2. brine – sea water 
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SGP-RE: Blue Energy (river-sea) status 

Vermaas et al./ Energy Procedia  (2011)  

1.0 

W/m2 

Current status 

economical feasibility 
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SGP-RE: Blue Energy (river-sea) development 
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SGP-RE: REAPower ( brine – sea) status 
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» REAPpower status 

» 0.5  - 4.0 m NaCl 

» FUJI R1 membranes 

- 120 micron thick 

- homogeneous 

» 300 micron spacer 

 

» Highest value:  

 2.2 W/m2 cell pair 
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Influence of IEMs thickness on resistance of the system. 

- Simulation of a 1000 cells stack assuming a linear decreasing of IEMs 

resistance with IEMs thickness. 

 - αAEM = 0.65, αCEM = 0.90. 

- spacer thickness of seawater/brine compartments d = 200 micron. 

Source: A multi-scale model for the Reverse ElectroDialysis process with 

seawater and concentrated brines by  M. Tedesco  University Palermo 

SGP-RE: REAPower ( brine – sea) development 
development towards thinner membranes 
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SGP-RE: REAPower ( brine – sea) development 

development high PS membranes at high salt concentration  
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SGP-RE:  Membrane market players 

 Main players 

  FUJI FILM 
 cost competitive membranes 

 commercially available (max. width 50 cm) 

 Kraton (only CEM), Fumatech 

 

 Increasing interest other IEM manufacturers 
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» Blue Energy 
» river – sea water 

o powerdensity increase > 2 W/m2 

o reduce river channel resistance 

» REAPower 
» brine – sea water 

o powerdensity increase to 4-5 W/m2 

o reduce membrane resistance 

SGP-RE: main challenges coming years 

 

o feed pre-filtration at low cost 

o fouling 

o scaling 

o prove technology 

o scale up to fieldtest pilots 
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SGP-RE: Blue Energy pilot Afsluitdijk 

Location : Breezanddijk 

 : IJsselmeer -  
 : Waddenzee 

Start : December 2011 

Time frame : 4 year 

max. capacity : 50 kW  

project costs : 7.2 million euro 

subsidized  : SNN 

 : province Friesland 
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SGP-RE: REAPower in Trapani salt pond - Sicily  

Field test: 2013 -2014 

brine sea 
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Thanks for your attention ! 

 

 
 

 

 

 


