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SGE Fundamentals

• Salinity gradients are chemical 
potential gradients.

• Proposed in the ’50s as a renewable 
energy source at river mouths.

• The mixing of 1m3 of river water with 
1m3 of seawater releases ~1.65 MJ

• SGE is often (mis)named “Osmotic 
Energy”.

• Picture from a working paper. Roldan-Carvajal et.al (2024) 2
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HS – High-salinity brine



Worldwide potential at River mouths

• Pictures from a working paper: Alvarez-Silva, O.A, Roldan-Carvajal. M,  Arevalo-Mesa, F (2024) 3



SGE Milestones – some examples

• Credits: REDStack BV webpage, Internet screenshots “Osmotic plant SWEETCH”. 4

Installed Capacity

(kW)

Energy Density

(MJ.m-3)

Water flow

(m3, h-1)

Seawater – Fresh Water 50 1 220

Brine – Brackish Water 1 18 0.21

Seawater – Fresh Water 500,000
(Projected)

-- --



Our work in Colombia
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The Magdalena River Mouth

Theoretical Potential

15 GW
Technical Potential

0.8 GW
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Our work in Colombia

• Experimental from Veerman, et.al. (2009) 7
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The demonstration unit

Numbers for a fixed 150 W of Installed Capacity

Roldan-Carvajal et.al (2021) 8

RIVER 

DISCHARGE

(Season)

Energy 

Density

(MJ.m-3)

Water flow

(m3, h-1)

THEORETICAL
High 2.20 0.2

Low 1.86 0.3

SPECIFIC SITE*
High 1.20 0.5

Low 0.90 0.6

*The specific site assessment accounts for pre-treatment and water transport losses.

Some properties and key numbers

PROPERTY MAGNITUDE UNITS

SEAWATER TEMPERATURE (Avg) 30.5 °C

RIVER WATER TEMPERATURE (Avg) 28.0 °C

SEAWATER SALINITY (Avg) 36.3 g.kg-1

RIVER WATER SALINITY (Avg) 0.06 g.kg-1

RIVER FLOW (Avg) 7,130 m3.s-1

RIVER FLOW (High Discharge) ~ 11,000 m3.s-1

RIVER FLOW (Low Discharge) ~ 4,000 m3.s-1

SEAWATER INTAKE (Distance to plant) 250 m

RIVER WATER INTAKE (Distance to plant) 50 m

1,800 m



The demonstration unit

• Picture from report: Perez-Grisales, M:S & Arias-Gonzalez (2022) 9

LABEL DESCRIPTION

B – 101

B – 102
Pumping system for the feeding water

B – 103

B – 104
Pumps for the treated waters.

B – 105 Pumps for rinse solution recirculation.

R – 101

R – 102

R – 103

RED system

T – 101

T – 102
Storage tank for the feeding waters

T – 103

T – 104
Storage tank for treated waters

T – 105 Storage tank for rinse solution.

T – 106 Storage tank for brackish waters



The demonstration unit
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PROPERTY MAGNITUDE UNITS

R 101 active area ~ 2.5 m2

R 102 active área ~ 9 m2

R 103 active area ~ 18 m2

R 101 pressure drop 6,848 kPa

Seawater line pressure head (hf) 6.30 m3.s-1

Riverwater line pressure head (hf) 0.82 m3.s-1

(2) Seawater pump power 2.0 HP

(2) Riverwater pump power 1.5 HP



Upcoming work/Concluding remarks

When will it be ready? We depend on the progress of the construction of the tourist 
complex.

Expected outcomes:

“Test centers are magnets for other green alternatives.”

A laboratory operating at relevant conditions to research marine energy, water 
treatment, desalination, hydrogen production from rivers and seawater, grid 
integration, or aquaculture synergies.

The know-how and local capacity-building for eventual developments at a larger 
(industrial) scale.
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