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I. INTRODUCTION 
 

The transition from fossil fuels to renewable energy 

sources is critical to mitigate climate change and 

achieve sustainable development goals. Common 

renewable resources such as solar, wind, hydro, and 

biomass are already well-established. However, 

unconventional sources like salinity gradient power 

offer additional pathways for clean energy 

production. When freshwater from rivers meets 

seawater at estuaries, a natural osmotic pressure 

difference exists due to varying salt concentrations. 

This difference can be converted into electricity, 

making blue energy a clean, continuous, and 

location-specific renewable source. 

 

Principle of Salinity Gradient Power: 

The energy/water nexus refers to the relationship 

between the water used for energy production and 

the energy consumed to extract, purify, and deliver 

water. Salinity gradient power operates on the Gibbs 

free energy of mixing, which is released when two 

solutions of different salinities combine. The 

theoretical energy available from mixing 1 m³ of 

freshwater with seawater is approximately 0.7 kWh. 

 

Two main techniques are used to convert this 

energy: 

 Pressure Retarded Osmosis (PRO): In this 

method, fresh water flows through a semi 

permeable membrane into seawater under 

pressure. The osmotic flow increases pressure on 

the seawater side, which can drive a turbine to 

produce electricity.             

 Reverse Electro dialysis (RED): RED uses 

alternating cation and anion exchange 

membranes to allow selective ion transport 

between freshwater and seawater 

compartments. The resulting ionic movement 

creates an electric potential that can be 

harnessed directly. 

 

Early prototypes in Norway and the Netherlands 

demonstrated the feasibility of blue energy. Norway 

established the first PRO pilot plant in 2009, 

achieving power densities of around 1–2 W/m². 

Netherland tested RED systems producing energy 

sufficient to power small communities. Recent 

research focuses on improving membrane efficiency, 

reducing fouling, and integrating hybrid systems 

with desalination plants. 

 

Advantages of Salinity Gradient Power: 

 Continuous availability: Unlike solar and wind, 

blue energy operates 24/7. 

 Eco-friendly: Produces no greenhouse gases or 

thermal pollution. 

 Synergistic use: Can be integrated with 

desalination and wastewater treatment systems. 

 High energy density: Greater potential than 

traditional hydropower per unit volume of water. 
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Challenges and Limitations 

Despite its promise, several challenges hinder large-

scale adoption: 

 High cost and low durability of membranes. 

 Bio fouling and scaling reduce efficiency. 

 Limited suitable geographical locations (river–

sea estuaries). 

 Energy recovery efficiency is still below 

economic viability (around 5–15%). 

 

Future Prospects: 

With advancements in nano materials, grapheme - 

based membranes, and hybrid systems combining 

PRO, RED, and solar-driven desalination, the 

potential for commercial deployment of salinity 

gradient power is increasing. Future research should 

focus on cost reduction, membrane optimization, 

and coupling with smart grid systems. 

 

Experimental Studies: 

The concept of blue energy is based on osmotic 

power. It was developed upon the realization that 

through electrochemistry, a concentration cell was 

created with salt water on one side and fresh water 

on the other, which results in a novel way to power 

devices. 

 

On one side of a tank there was 1000 L fresh water, 

and the other side houses 1000 L sea water. There 

was a semi-permeable membrane between the two 

tanks which allows only water molecules to pass 

through. The sea water naturally has a much higher 

salt concentration than the fresh water, and that 

large difference causes the molecules from the fresh 

water side to rapidly pass to the sea water side. This 

causes pressure that is turned into electricity. 

Observations are made for various salt 

concentrations of sea water and produced energy is 

measured in terms of electricity. 

 

Result & Analysis: 

 

Concentration of 

Salt 
Produced Current 

30 gm /L 6 A 

50 gm/L 6.2 A 

100 gm/L 6.6 A 

150 gm/L 6.8 A 

200 gm/L 7.1 A 

250 gm/L 7.3 A 

300 gm/L 7.5 A 

Table: Concentration of salt and Produced current 

          

 
Chart: Concentration of salt and Produced current 

 

CONCLUSION 
 

Salinity gradient power represents a unique and 

under explored renewable energy source with 

significant potential to compete existing 

technologies. Although current limitations prevent 

large-scale use, ongoing innovations in membrane 

science and system integration could make blue 

energy a vital contributor to the world’s sustainable 

energy mix. 
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