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 Abstract 

It has been known for centuries that mixing freshwater 
and seawater releases energy. Statkraft has utilised 
Pressure Retarded Osmosis (PRO) to capture this 
energy and proved that it is possible to produce 
electricity from mixing freshwater and saltwater. Fall 
2009 Statkraft completed and put in operation the 
world’s first prototype of an osmotic power plant. The 
global potential of this energy source represents a 
worldwide electricity production of more than 1600 
TWh per year. Large scale development of osmotic 
energy will not only give a completely renewable and 
emissions-free power, it will also provide baseload 
energy with minimal ecological footprint.   
 
Meeting future energy and climate needs requires 
growth and investments in renewables, across a broad 
range of technologies. Through cost reductions, a 
conducive policy framework and a critical mass of 
developers, osmotic power should be a natural part of 
the new renewable energy portfolio.  
 
Keywords: baseload, membrane, osmotic power, salinity 
gradient, policy framework. 

1. The power of osmosis  
A river flowing into the salty ocean is releasing large 
amounts of energy. The challenge is to utilise this 
energy, since the energy which is released from the 
mixing of salt and freshwater leads only to a very small 
increase of the local water temperature. During the last 
few decades at least two concepts for converting this 
energy into electricity instead of heat have been 
identified.  
 
One of these is Pressure Retarded Osmosis (PRO) 
using the force of osmosis together with semi-
permeable membranes to utilise the enormous potential 

                                                 
 
 

of a new, renewable energy source. This potential 
represents a worldwide electricity production potential 
of more than 1600 TWh per year – equivalent to 50 % 
of the total electricity production in the EU. For 
Pressure Retarded Osmosis, also known as osmotic 
power, the released chemical energy is transferred into 
pressure instead of heat. This was first considered by 
Prof Sidney Loeb in the early 70’s, when he designed 
the world’s first semi-permeable membrane for 
desalination purposes using reverse osmosis.  
 
Osmotic power is in fact based on naturally occurring 
osmosis, triggered by nature’s drive to establish 
equilibrium between different concentrations in liquids. 
Osmosis is a process by which solvent molecules pass 
through a semi-permeable membrane from a dilute 
solution into a more concentrated solution. The 
difference in concentration of salt between seawater 
and freshwater contains a strong force towards mixing. 
The effects of this strong force to mix can be 
intensified through a special membrane which separates 
salt and freshwater in a finite space and which only lets 
the water pass, and not the salt molecules. In this way, 
an osmotic pressure can be achieved by the amount of 
freshwater moving to the seawater side. This pressure 
can be in the range of 24 to 26 bars depending on the 
salt concentration of seawater.  
 
More precisely, in a PRO-system filtered freshwater 
and seawater are led into a closed system, as illustrated 
by figure 1. Before entering the membrane elements, 
the seawater is pressurised to about half the osmotic 
pressure, approximately 12-14 bars for sea water with 
salt concentration of 32-35 grams salt per liter. In the 
membrane element freshwater migrates through the 
membrane and into the pressurised seawater. This 
results in an excess of diluted and pressurised seawater 
which is then split into two streams. One third of this 
pressurised seawater is used for power generation in a 
hydropower turbine, and the remaining part passes 
through a pressure exchanger in order to pressurise the 
incoming seawater. The outlet from such a plant will 
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mainly be diluted seawater that will be led either back 
to the river mouth or into the sea. 
 
 

 
 

Figure 1: PRO-system 

 
Consequently, the higher the salinity gradient between 
fresh- and saltwater, the more pressure will build up in 
the system. Similarly, the more water that enters the 
system, the more power can be produced. At the same 
time, it is important that the freshwater and seawater is 
as clean as possible. Substances in the water may get 
captured within the membrane’s support structure or on 
the membrane surfaces, reducing the flow through the 
membrane and causing a reduction in power output. 
This phenomenon, which is called fouling, is linked to 
the design of the system, to the characteristics of the 
membrane, and to the membrane element. 
 
An osmotic power plant will to a large degree be 
designed of existing “off-the-shelf” technology. The 
two key components in this technology are the 
membrane and the pressure exchanger. The lion’s share 
of Statkraft`s  efforts to commercialize osmotic power 
is dedicated to improving and scaling up these 
components.  
 
Statkraft has been engaged in the research and 
development of osmotic power and related enabling 
technologies since 1997. Together with its international 
membrane R&D partners, Statkraft is the main active 
technology developer globally and therefore an osmotic 
power knowledge hub. The team has made state-of-the-
art achievements in terms of developing a new energy 
efficient membrane technology during the past few 
years.  
 

1.1. Clean baseload energy with low 
environmental impact  

The mixing of seawater and freshwater is a process that 
occurs naturally all over the world. Osmotic power 
plants will extract the energy from this process without 
polluting discharges to the atmosphere or water. 
Moreover, this process produces no other emissions 

that could have an impact on the global climate. 
Osmotic power’s excellent environmental performance 
and CO2-free power production should qualify for 
green certificates and other supportive policy measures 
to increase the share of renewable energy.  
 
An area that needs further exploration is the possible 
effect of the brackish water be discharged by the 
osmotic power plant into marine environment. It is 
important to avoid any negative effects on the local 
marine environment and the animals and plants living 
in the discharge area. However, since the osmotic plant 
will only displace the formation of brackish water in 
space without modifying the water quality, this is not 
likely to have any a significant environmental impact.  
 
Since most rivers run into the ocean at a place where 
people have already built cities or industrial areas such 
as harbours, most of the potential sites for osmotic 
power generation can be utilized without affecting 
pristine areas. Moreover, the plants can be constructed 
partly or completely underground (e.g. in the basement 
of an industrial building or under a park) which will 
make them very discreet. In these areas the 
environmental impacts on shore are estimated to be 
minor. These impacts will mainly be related to the 
building of access roads, channels and connections to 
the electricity grid.  
 
While most other new renewables are periodic as their 
availability strongly depends on weather conditions, 
osmotic power is stable and well suited for baseload 
electricity generation, as the ocean experiences water 
inflows all year. It is also a decentralised source of 
energy, with sites often being close to the consumer 
and with easy access to grid connection.  
 
With a worldwide potential of more than 1 600 TWh 
per year, whereas 180 TWh per year could be generated 
in Europe, osmotic power can make a major 
contribution to the growth of renewable energy and  
represent an attractive business opportunity for power 
companies and technology suppliers, like membrane 
producers. 
 

1.2. Osmotic power project status  
The osmotic power research has been focused on 
designing a suitable and efficient semi-permeable 
membrane for PRO. At the same time, Statkraft has 
worked with system design and conducted several 
feasibility studies to scrutinize the concept as a 
commercial source of energy.  
 
The membranes are fitted into membrane elements 
containing a specific amount of membrane area. In the 
desalination industry the so-called spiral-wound-
element design and the hollow-fibre design are the 
most common cost-effective designs. Statkraft is 
actively developing these designs to fit with the special 
requirements for PRO. In this respect, the following 
design criteria have been adopted:  
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- the elements must be able to have flow on 
both the freshwater and the seawater side of 
the membrane,  

- the elements must contain a large membrane 
area,  

- fouling must be minimised, and  
- the design must be cost-effective.  

 
This research has mainly been done in Germany, 
Norway and the Netherlands. There are, however, other 
groups working on elaborative topics both in North 
America and Asia.  
The world’s first prototype of osmotic power has been 
set up in the southeast of Norway.  
 
Statkraft’s prototype is built in such a way that it will 
also be possible to use it as a laboratory for further 
development of the technology. In this respect, the 
prototype will contribute to technology enhancements 
in order to reach a competitive cost, as well as building 
knowledge towards further scaling up of its 
components. 
 
The major technical prerequisites of osmotic power 
plant sites are:  

- steady availability of freshwater and seawater, 
as well as 

- available building sites at or beneath the 
surface.  

 
 

 
 

Osmotic Power Prototype, Norway 

 
In addition to further research, with the main focus 
being the membrane and the membrane element, the 
prototype serves as a catalyst for developing 
partnerships and building relationships. The prototype 
facilitates the creation of partnership for development 
of osmotic power outside Statkraft’s core geographic 
area, and it increases awareness of osmotic power 
among governments and manufacturers that are invited 
to test the technology. Furthermore, the prototype will 
be a starting point to test and measure environmental 
challenges such as measuring potential algae bloom 
related to the discharge of brackish water.  

 
This project-related work runs in parallel with defining 
business models in the pre-commercial phase to 
develop the production technology, and later establish 
an effective value chain that will be attractive for 
different parties without one party holding a monopoly. 
 
2. Moving to industrial stage – what will it 
take? 
Osmotic power is today an immature technology with 
promising characteristics. Bringing new technology to 
the market requires more than just promising 
characteristics. Learning from history we know that 
costs must be competitive, technology users and 
suppliers must be in place and a conducive policy 
framework must be established in order to succeed in 
bringing forward a new energy industry.   
 

2.1 Technological development and cost 
reductions 
The next significant milestone in the development of 
PRO will be to build a pilot plant of significant size. To 
reach this stage, several technical hurdles need to be 
overcome and the costs of new components must be 
reduced. In the long term, an increase in component 
and system efficiency, together with a decrease in 
system cost is necessary to reach commercial stage.  
 
The technology used in PRO is proven technology, e.g. 
turbine, pumps, piping and valves. However, there is 
still a need to develop a cost effective membrane in a 
suitable module configuration. Up until now most of 
the development has been done by universities and 
research organizations. However, there are indications 
that the membrane manufactures and other companies 
within the desalination business is starting to look at 
osmotic power as an area with a huge potential to grow 
their business. This could lead to a faster development 
track towards commercial components. In addition to 
the development of the membranes, this would also be 
helpful to scale up the system and the components. 
 
There are four main cost reducing factors we need to 
focus on.  
 

- The membrane element size needs to be 
increased dramatically from today’s 16 or 18 
inch sizes. This would also mean a different 
configuration than today’s spiral wound 
elements. 

- The membrane effect is today 3 W/m2 
produced in laboratory and just over 1 W/m2 
effective area in production. This needs to be 
closer to 5 if the PRO shall be competitive 
with other renewable energy sources. 

- The system effect has to be increased towards 
80%. The prototype is no comparison since it 
is build with a lot of additional systems for 
different types of testing. 

- Scale up of the system as a whole and the 
components, such as membrane, from 
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laboratory to pilot and then into commercial 
production. 

 
These four factors are also dependent on each other. As 
an example, if the membrane module can be configured 
in an application containing several times more 
membrane than today’s modules used in desalination 
the membrane effect does not necessarily need to reach 
the objective.  
 
Statkraft have established a detailed economical model 
based on a modelled large scale osmotic power plant to 
estimate the cost forecast for the production of osmotic 
power. The input is mainly cost of existing off-the –
shelf equipment and installations. For the membrane 
system, the existing membrane market in the 
desalination business has been used as a base line.  
 
This estimate is furthermore calculated from existing 
prices for engineering, construction, and known 
components. In addition to the fixed values of today's 
pricing a learning curve has been calculated and 
included for both scale and improvement of existing 
components, and an improvement and cost decrease of 
new components relative to scale as the plants are built. 
The estimate is based on the assumption that 30 plants 
are built by 2030.  
 
The input has then been used in Statkraft’s standard 
model for new power plant and this gives an estimated 
power cost in the range of 50-100 €/MWh. This does of 
course depend on a mature technology and an existing 
market. Such an energy cost will make osmotic power 
comparable and competitive with the other new 
renewable energy sources, such as wave, tidal and 
offshore wind. 
 

2.2 Regulatory framework 
The renewable energy sector has developed fast over 
the past few years. All forecasts on the expansion of 
renewable energy have consistently been surpassed.  
With the agreement in 2009 on the Energy and Climate 
Package the EU has made a strong and ambitious 
commitment towards renewable energy.  
 
The EU´s target of 20% renewable energy consumption 
by 2020 will mean doubling the renewable power 
generation over the next 10 years.  
 

This translates into business opportunities. Wind power 
stands out as particularly promising, but also 
hydropower and new sources like ocean energy will 
take a share of the growth. The EU’s Renewable 
Energy Sources (RES) Directive recognizes salinity 
gradients as a renewable source of energy along with 
other sources of ocean energy.  For the development of 
osmotic power, this is one important step and EU 
member states should include salinity in their plans to 
reach the 2020 renewables target. 
 
Political ambitions for reducing greenhouse gas 
emissions are high. In October 2009 the European 
Council set the appropriate abatement objective for 
Europe and other developed economies at 80-95% 
below 1990 levels by 2050.  
 
Studies suggest different pathways to 2050, with shares 
of renewables ranging from 40% of total electricity 
consumption to visionary pathways with 100% 
renewable energy system for the EU. The share of 
renewables and the technology mix is highly uncertain, 
but all pathways suggest high growth and huge 
investments in renewables in the short, medium and 
long term, across a range of technologies.  
 
Technological innovation is a crucial enabler for a low-
carbon future and energy companies have an important 
role to play. Companies should be willing to take on 
the inherent risk of exploring new ideas and do the job 
of making new technology cost-efficient while on the 
policy side it is crucial to keep the options open and not 
make choices today that can place the technologies of 
tomorrow on a side track.  
 
Ocean energy technologies, like osmotic power need a 
policy framework that promotes new solutions. The 
policy measures that are adopted today will set the path 
for 2050, thus it is important that the policy framework 
at the EU level is inclusive, allowing new technologies 
to mature. We support the work of the Ocean Energy 
Association and the call for developing a European 
Industrial Initiative for ocean energy under the EU's 
Strategic Energy Technology (SET) Plan. An important 
part of this endeavor must be to encourage 
technological facilitation both on the European and 
national scale in the form of test-centres, grid access 
and simplified concession approvals and licensing 
systems.  
 
 

 


