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THE ENERGY OF WATER

OSMOTIC POWER:
THE ENERGY DERIVED
FROM THE DIFFERENCE
IN SALINITY BETWEEN
SEAWATER AND FRESH
WATER, CONVERTED
INTO ELECTRICITY BY
MEANS OF A TURBINE

Cover: Statkraft’s prototype osmotic
power plant in Norway
© Statkraft

CURRENT STATE OF KNOWLEDGE

Osmotic power is in the prototype and demonstration stage.
Statkraft, the world leader in the field, tested a prototype os-
motic power plant in Norway's Oslo Fjord from 2009 to 2013.

From February 2012 to December 2013, Statkraft and
Hydro-Québec carried out a joint osmotic power R&D project.
Their primary goal was to develop techniques for pretreating
water, assess the impact of water quality on membrane per-
formance, and evaluate the process's repercussions for sustain-
able development.

OSMOTIC POTENTIAL

In Canada, the mouths of large rivers hold considerable long-
term potential for osmotic development.

In Québec, studies by Hydro-Québec’s research institute
(2011) estimated the exploitable osmotic potential for the
30 large rivers emptying into saltwater to be 1,860 MW,
Fourteen of them (totaling 1,060 MW) empty into the Golfe
du Saint-Laurent (Gulf of St. Lawrence) and its estuary. The
challenge today is to generate osmotic power at a competitive
cost by 2020.

OUTPUT AND COSTS

Statkraft projects that once the technology has reached matu-
rity, gross generating costs will be between 7¢ and 14¢/kWh.
Net costs should be based on generating station efficiency esti-
mates of 60% to 75%.

ADVANTAGES AND DISADVANTAGES

> Steady, predictable output
> Adaptable for small or large generating stations

> Scalable or modular design (membrane modules added as
required), making it possible to increase installed capacity

> Generating sites near load centres, limiting power trans-
mission needs

v

Good potential for power plant sites

v

Technology similar and complementary to that of hydro-
electric power, with osmotic power plants able to be built
on already-harnessed rivers

> High risk of clogging and gradual degradation of semi-
permeable membranes, necessitating pressure-filtering
pretreatment of fresh water and periodic membrane re-
placement (every 5 to 7 years)
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SUSTAINABLE DEVELOPMENT

LEARN MORE At this time, little is known about the social and environmental
How an osmotic impacts of osmotic generating station operations and mainte-
generating station nance. To some degree, they are similar to those of water pu-
works rification plants that use membrane filtration, which are well
Canada’s osmotic documented:
potential

> Modification of habitat and vegetation, with potential re-
percussions on aquatic fauna (@among other things, changes

The Statkraft prototype

Research around the

world in salinity and regular large-volume discharges of brackish
Climate change and air water may affect the natural mix of river water and seawater)
quality . .

, > Potential effects of the use of cleaning products

Life cycle assessment

Ecosystems and > Production of wet waste (sludge and used membranes)
biodiversity ) . )

: > Impact on the host environment to be expected if a dike or

Health and quality of i ) o o )
life basin has to be built to optimize a site’s potential
Land use > Possible conflicts with shipping, fishing, etc.

Regional economy

» Zero greenhouse gas and atmospheric contaminant emis-
sions during operation

Social acceptability
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How an osmotic
generating station works

When fresh water is separated from seawater by a semiperme-
able membrane, the fresh water moves by osmosis through
the membrane into the seawater, raising the pressure on the
seawater side. This is referred to as “osmotic pressure” and is
used to drive a turbine.

Osmotic pressure is the cornerstone of the energy-
generating method conceived by American Sydney Loeb in
the 1970s but developed and put into practice by Norway's
Statkraft Group between 1997 and 2013.

An osmotic generating station has a limited number of
components:

> Asemipermeable membrane contained in modules

> Freshwater and seawater filters that optimize membrane
performance

> Aturbine that generates a driving force based on the osmotic
pressure and permeation flow rate

> A pressure exchanger that pressurizes the seawater feed
required to maintain high salinity levels downstream from the
membrane
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Canada’s osmotic potential

SITES WITH OSMOTIC POTENTIAL

@

Northwest
Territories
620 MW

S,

British Columbia
580 MW

% Site with osmotic potential

Source: Institut de recherche
d’Hydro-Québec

NB: Osmotic potential (MW) is calculated
as 15% of the average flow of the indexed
rivers.

Nunavut
230 MW

Newfoundland and Labrador
320 MW

®

Québec
1,860 MW

Manitoba

340 MW

Ontario
250 MW

The Statkraft prototype

Hurum osmotic generating station
in the Oslo fjord, Norway

Statkraft installed its 4-kW prototype osmotic generating station
in the Tofte paper mill in Hurum, Norway. The station used sea-
water from the fjord and fresh water from a nearby river circulat-
ing in two chambers separated by a semipermeable membrane.
This type of technology is referred to as pressure-retarded osmo-
sis, or PRO.

Research around the world

Since 2007, Deltares, the Dutch research centre on applied
water, soil and subsurface technologies, has worked with busi-
nesses and other research centres to advance understanding
of osmotic power. As part of the Netherlands government’s
ongoing Blue Energy demonstration project, efforts are being
made to demonstrate the electricity-generating potential of
pressure-retarded osmosis. In November 2014, a 50-kW gener-
ating station was commissioned in the Netherlands.

Wetsus, a centre of excellence for sustainable water tech-
nology, designs and develops reverse electrodialysis (RED)
technology, also as part of the Blue Energy program. It works in
partnership with KEMA and Redstack.

In conjunction with Yale University, the University of
Connecticut has developed a closed-cycle osmotic heat engine
that uses a H,O-NH;-CO, solution. First used to desalinate water
by harnessing waste heat, this process, called Engineered
Osmosis™, has been adapted to generate power. It has been
commercialized by Oasys Water.
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In 2009, the Tokyo Institute of Technology commissioned
a prototype PRO generating station near the Uminonakamichi
Nata Sea Water Desalination Center in Fukuoka, Japan. The goal
was to extract energy from salinity gradients at the interface
between concentrate from a seawater desalination plant and
fresh water released from a waste water treatment plant. The
prototype was part of the Mega-ton Water System project,
which involved designing a seawater desalination plant with a
capacity of one million cubic metres a day and was carried out
between 2010 and 2013.

Climate change
and air quality

In osmotic power, greenhouse gas and air contaminant emis-
sions are produced solely during infrastructure manufacturing
and installation. During the operations phase, osmotic gener-
ating stations do not produce any emissions.

Life cycle assessment

At this time, there are no available studies on the osmotic gen-
erating station life cycle. However, the environmental impacts
of osmotic power are thought to be similar to those of other
renewable energy sources. Except for biomass, all such sources
all have one thing in common: there are no greenhouse gas or
air contaminant emissions during the operations phase.

Ecosystems
and biodiversity

Aquatic ecosystems in river mouths, deltas and estuaries are
fragile. For that reason, it is important to have a solid grasp of
the possible repercussions of building an osmotic generating
station on the following:

> Topography and geomorphology (shoreline erosion, land-
slides, etc.)

> Sediment, riverbed and seabed properties (sediment dis-
placement, increased turbidity, soil compaction)

> Water quality (chemical and wastewater spills)

> Hydrology (changes in flow rates and current directions,
changes to fresh water/seawater mixing zones, etc.)

> Local aquatic animal and plant species

> Birds that feed in intertidal zone mudflats, which are rich in
mollusks and microorganisms

Fresh water and seawater sampling and discharges of
brackish water during plant operations could affect the profile
of the fresh water plume at the mouth of a river. This could re-
sult in a degradation of the environment and possibly have an
impact on the fauna and flora living in the affected area.

The ambient water temperature would rise because of the
heat given off by the energy-generating process. However, this
increase would be less than ¥2°C and would pose no danger to
marine organisms.
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Some chemicals used in pretreating water and cleaning
membranes could become concentrated in the food chain,
with repercussions for marine ecosystems. A well-known ex-
ample is the anti-scale products released by desalination plants,
a source of nutrients that stimulates primary production. As a
result, they can lead to a proliferation of algae in environments
that usually contain few such organisms.

Health and quality
of life

There is no anticipated impact on human health or quality of
life.

Land use

The presence of an osmotic generating station (the facility and
associated power lines) has a visual impact on the landscape,
just as a road or aqueduct would. When a station is built in an
environment that has already been modified by human activi-
ty, the impact is mitigated.

An osmotic generating station may produce light pollu-
tion and obstruct the view of a picturesque landscape. To mit-
igate these nuisances, a suitable location must be found and
the necessary infrastructure must be harmoniously integrated
into the surroundings. Infrastructure can be built partly or en-
tirely underground, considerably reducing the visual impact.

Operating an osmotic generating station at the mouth of
a river could have an impact on fishing, recreational boating,
water sports, coastal tourism, etc. Such operations could re-
quire the creation of exclusion zones where such activities are
off-limits and may sometimes meet with opposition.

Regional economy

In Québec, the construction of osmotic generating stations
would spur economic development in communities in the
Cote-Nord, Baie-James, Baie d'Hudson and Baie d'Ungava re-
gions. However, an in-depth evaluation of the social and en-
vironmental impacts on communities located at river mouths
would be required. These impacts may include the following:

> Restrictions on commercial and recreational fishing
> Loss of community access to the site

> Use of a landfill or composting facilities for the disposal of
sludge and used membranes

Social acceptability

A number of steps could enhance the social acceptability of
osmotic generating projects. They include the following:

> Locating the generating station at the mouth of a river
where a small community may already be found. This would
eliminate or minimize the need to transmit electricity over
significant distances, the scale of infrastructure required and
the scope of associated activities.

> Integrating the facility harmoniously into the surrounding
environment. This could involve building the powerhouse
partly underground and adapting the building’s architec-
ture and colors to the surrounding environment.



A RENEWABLE ENERGY OPTION ‘ OSMOTIC POWER

Reproduction authorized with
acknowledgement of source

Legal deposit — 1st quarter 2015
Bibliotheque et Archives nationales
du Québec

ISBN: 978-2-550-72233-5

2015G033-3

REFERENCES

1.

Adokar, D.U,, D.S. Patil and A. Gupta. 2013. Generation of Electricity by
Osmosis. International Journal of Emerging Technology and Advanced
Engineering, vol. 3 (3), pp. 846-851. (Online.) www.ijetae.com/files/
Volume3lssue3/IJETAE_0313_145.pdf. Document accessed on November
10, 2014.

Brekke, JW.2013.2 MW Osmotic Power Pilot - Sunndalsgra, Norway.
Presentation at the Integrated Network for Energy from Salinity Gradient
Power symposium. Leeuwarden, Netherlands. October 30-31, 2013.
(Unpublished.)

CNW Telbec. Statkraft and Hydro-Québec to cooperate on research
and development into osmotic power. Press release. (Online.) 2012.
www.newswire.ca/en/story/946385/statkraft-and-hydro-quebec-to-
cooperate-on-research-and-development-into-osmotic-power. Page
accessed on November 10, 2014.

Deltares. Homepage. (Online). No date. www.deltares.nl/en. Site
accessed on November 10, 2014.

Dutch Water Sector. Dutch King Opens World's First RED Power Plant
Driven on Fresh-Salt Water Mixing. Press release. (Online.) 2014. www.
dutchwatersector.com/news-events/news/12388dutch-king-opens-
world-s-first-red-power-plant-driven-on-fresh-saltwater-mixing.html.
Page accessed on December 4, 2014.

Fondation d'entreprise Alcen pour la connaissance des

énergies. Connaissance des énergies. (Online)) No date. www.
connaissancedesenergies.org/fiche-pedagogique/energie-osmotique.
Site accessed on November 10, 2014.

Harrysson, H., D. Lonn and J. Svensson. Osmotic Energy. (Online.) No
date. www.exergy.se/goran/cng/alten/proj/97/o/. Page accessed on
November 10, 2014.

Laflamme, C. B. 2013. Challenges Facing Osmotic Power in Canada.
Presentation at the Integrated Network for Energy from Salinity Gradient
Power symposium. Leeuwarden, Netherlands. October 30-31, 2013.
(Unpublished.)

McGinnis, RL., J. McCutcheon and M. Elimelech. 2007. A Novel
Ammonia-Carbon-Dioxide Osmotic Heat Engine for Power
Generation. Journal of Membrane Science, vol. 305, pp. 13-19.

QOines, A. Statkraft Plans World's First Osmotic Power Plant. (Online.) 2013.
arnfinno.wordpress.com/2013/01/12/statkraft-plans-worlds-first-osmotic-
power-plant/. Page accessed on November 10, 2014.

Skramestg, @.S., S.E. Skilhagen and W.K. Nielsen. 2009. Power
Production based on Osmotic Pressure. Presentation at Waterpower
XVI. Spokane, USA. July 27-30, 2009. (Unpublished.)

Statkraft. Osmotic Power. (Online.) 2007. www.membraneguide.
com/english/news/download/osmotic_power_plant.pdf. Document
accessed on November 10, 2014.

Statkraft. The World's First Osmotic Power Plant Opened! (Online.) 2009.
www.statkraft.com/presscentre/news/2009/the-worlds-first-osmotic-
power-plant-opened.aspx. Page accessed on November 10, 2014.
Tanioka, A, K. Saito, M. Irie, S. Zaitsu, H. Sakai and H. Hayashi. 2012. Power
Generation by Pressure Retarded Osmosis Using Concentrated
Brine from Sea Water Desalination System and Treated Sewage:
Review of experience with pilot plant in Japan. Presentation at the
3rd Osmosis Membrane Summit, Barcelona, Spain. April 26-27, 2012.
(Online.) osmosis-summit.event123.no/presentations2012.cfm. Document
accessed on November 10, 2014.

Wetsus. Centre of excellence for sustainable water technology. (Online.)
No date. www.wetsus.nl. Site accessed on November 10, 2014.



http://www.ijetae.com/files/Volume3Issue3/IJETAE_0313_145.pdf
http://www.ijetae.com/files/Volume3Issue3/IJETAE_0313_145.pdf
http://www.newswire.ca/en/story/946385/statkraft-and-hydro-quebec-to-cooperate-on-research-and-development-into-osmotic-power
http://www.newswire.ca/en/story/946385/statkraft-and-hydro-quebec-to-cooperate-on-research-and-development-into-osmotic-power
http://www.deltares.nl/en
http://www.dutchwatersector.com/news-events/news/12388dutch-king-opens-world-s-first-red-power-plant-driven-on-fresh-saltwater-mixing.html
http://www.dutchwatersector.com/news-events/news/12388dutch-king-opens-world-s-first-red-power-plant-driven-on-fresh-saltwater-mixing.html
http://www.connaissancedesenergies.org/fiche-pedagogique/energie-osmotique
http://www.exergy.se/goran/cng/alten/proj/97/o/
http://arnfinno.wordpress.com/2013/01/12/statkraft-plans-worlds-first-osmotic-power-plant/
http://www.membraneguide.com/english/news/download/osmotic_power_plant.pdf
http://www.statkraft.com/presscentre/news/2009/the-worlds-first-osmotic-power-plant-opened.aspx
http://osmosis-summit.event123.no/presentations2012.cfm
http://osmosis-summit.event123.no/presentations2012.cfm
http://osmosis-summit.event123.no/presentations2012.cfm
http://osmosis-summit.event123.no/presentations2012.cfm
http://www.wetsus.nl

	page suivante 7: 
	page précédente 6: 
	Page 2: Off
	Page 31: Off
	Page 42: Off
	Page 53: Off
	Page 64: Off
	Page 75: Off
	Page 86: Off

	page suivante 6: 
	Page 2: Off
	Page 31: Off
	Page 42: Off
	Page 53: Off
	Page 64: Off
	Page 75: Off
	Page 86: Off



