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How did we start:

• Founded in 2005 

• Founded as single purpose company; to 
develop, up-scale and commercialize the 
Blue Energy technology.

• Spin-off company from Wetsus, European 
Centre of Excellence in Sustainable Water 
Technology
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Who we are:

• Privately help company

• Dedicated team of 12 FTE

• Close cooperation with several institutes, 
universities and companies

• Involved in several research projects. Funded 
regional, national or by the EC. 
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Characteristics of the technology:

• Energy harvested from the mixing of fresh 
and salt water.

• Fully sustainable, no CO2 or other GHG 
emissions

• No back-up required; Blue Energy can 
function as a baseload.

NanoInnovation 2020 edition



Blue Energy

September 17, 2020 7

Salinity Gradient Power is based on the Gibbs free energy of mixing:
∆𝐺 = ∆𝐻 − 𝑇∆𝑆
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Enthalpy Entropy

Since there is no change in Enthalpy, energy is coming from the change in Entropy:
∆𝐺 = −𝑇 ∆𝑆

∆𝑆 = 𝑆𝑏 − (𝑆𝑠 + 𝑆𝑟)

Entropy being calculated by:

𝑆 = −𝑁 𝑅෍

𝑖

(𝑥𝑖 ln 𝑥𝑖 )
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How to harvest the energy, the molar free energy is:

𝜇𝑖 = 𝜇𝑖
0 + 𝜗𝑖 ∆𝑃 + 𝑅𝑇 𝑙𝑛(𝑥𝑖) + 𝑧𝑖 𝐹 ∆𝜑
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Free energy under 
standard conditions Change in pressure Chemical potential

Change in electrical 
potential

Pressure Retarded Osmosis = conversion into pressure
Reversed ElectroDialysis = conversion into electrical potential
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So, for an equilibrium between two NaCl solution this means:
𝑅𝑇

𝑍𝑁𝑎 𝐹
ln 𝑥𝑁𝑎,𝑐 +

𝑅𝑇

𝑍𝐶𝑙 𝐹
ln(𝑥𝐶𝑙,𝑐) =

𝑅𝑇

𝑍𝑁𝑎 𝐹
ln 𝑥𝑁𝑎,𝑑 +

𝑅𝑇

𝑍𝐶𝑙 𝐹
ln(𝑥𝐶𝑙,𝑑) + ∆𝜑

And with:

𝑥𝑁𝑎 = 𝑥𝐶𝑙 = 𝑥 ; 𝑍𝑁𝑎 = 𝑍𝐶𝑙 = 1

It gives the Nernst-equation:

∆𝜑 =
2𝑅𝑇

𝐹
ln

𝑥𝑐
𝑥𝑑
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Ri Re

∆ϕ

𝐼 =
𝑈

𝑅
=

∆𝜑

𝑅𝑖 + 𝑅𝑒

𝑃𝑒 = 𝐼2 𝑅𝑒

Simplified electrical circuit:

𝑃𝑒 =
∆𝜑

𝑅𝑖 + 𝑅𝑒

2

𝑅𝑒

𝜂𝑒𝑛𝑒𝑟𝑔𝑦 =
𝐼2 𝑅𝑒

𝐼2 𝑅𝑒 + 𝐼2 𝑅𝑖
=

𝑅𝑒
𝑅𝑒 + 𝑅𝑖
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Important performance 
parameters

• Power density

• Energy efficiency

J. Moreno, S. Grasman, R. van Engelen, K. Nijmeijer, Upscaling Reverse Electrodialysis, Envir. 
Sci. & Tech. 52 (2018) 10856-10863
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Several types of nano porous membranes 
for Blue Energy have been reported:

• Boron Nitride (BNNT)

• molybdenum disulfide (MoS2)

• Graphene Oxide Membranes (GOM)

• GO with Boron Nitride
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103 W/m2

103 - 104 W/m2

106 W/m2
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Implications for upscaling, what does a power density of MW/m2 mean for the process?
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0,44 m

0,44 m

𝑃 = 𝑃𝐷 ∙ 𝐴𝑚𝑒𝑚𝑏𝑟. = 387,000 𝑊

𝐼 = ൗ𝑃 𝑈 = 7,744,000 𝐴

𝐽 = ൗ𝐼 𝐹 = 80 𝑚𝑜𝑙/𝑠

∅ = ൗ𝐽 ∆𝐶 = 642 𝑙/𝑠

∆𝐶 = 𝐶𝑖𝑛 − 𝐶𝑜𝑢𝑡 = 0.125 𝑚𝑜𝑙/𝑙

𝐴𝑐ℎ𝑎𝑛𝑛𝑒𝑙 = 𝑏 ∙ 𝛿𝑠 = 0. 0001 𝑚2

𝑣𝑓𝑙𝑢𝑖𝑑 = ൗ∅ 𝐴𝑐ℎ𝑎𝑛𝑛𝑒𝑙
= 5873 𝑚/𝑠

𝜏 = ൗ
𝑣𝑓𝑙𝑢𝑖𝑑

𝑙 = 0.075 𝑚𝑆
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Is it realistic to upscale the performance based on the single 
pore measurements?
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Single pore

Single 
membrane

with multiple 
pores

Cell pair of 
CEM and

AEM

Stack of 
multiple cell

pairs
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Nano porous membranes with 
multiple pores:

• Anodic alumina

• Graphene oxide

• Silica nano particles

• Etc..

Structure:

• 1-, 2- or 3D Ion channels

• Diode membranes
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2.5 W/m2

10 W/m2
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Effect of multiple pores:

• Increasing pore density → Decreasing current and 
potential

• Does this explain the difference?

NanoInnovation 2020 edition



Upscaling effects

September 17, 2020 19

Cell pair of nano porous membranes:

• Graphene Oxide CEM and AEM
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0.77 W/m2
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Optimization of cell pair configuration, assuming ideal 
membranes and no spacers.

• Rmembr.= 0 Ω·cm²

• PS = 100%
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What can Nano contribute on a Macro scale?
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Improve the efficiency? 

• Influence of multivalent ions?

• Selectivity of the membrane?

• Water permeability?

• Ion selectivity?
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Thank you for your attention!
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