Project results

Comming actvities

Two complementary pilots have been constructed
and installed in Hanöbukten outside the shoreline
of Simrishamn and Kanholmsfjärden in the outer
Stockholm Archipelago.

The demonstration period will be followed by a
technical, environmental and economical evaluation
of the WEBAP-technology. This is necessary in order to
prove if the project idea to demonstrate a costeffective device using naturally available services to
mitigate oxygen depletion in marine environments is
valid.

Since November 2010 the operation and impacts
of the pilots has been extensivly monitored and
sampling of water and sediments performed.
The results of the project so far include
• Extensive basin test at Aalborg university
• Initial confirmation of estimated pumping
capacity at different wave heights
• Insight that oxygen depletion is more widespread than priviously estimated
• Modelling and lab tests based on samples
indicate no negative impacts on organism or
salinity stratification
• Measurements indicating that oxygenation
reduce dissolved phosphorus concentrations
in deepwater
• Better knowledge about phosphorus pools in the
Baltic Sea deep sediments
• Increased awareness and competence of
involved partners and general society.
• Development work and interaction with their
stakeholders initiated

Finally, information dissemination will be undertaken to
promote the WEBAP project results and achieve
communication objectives ffor the different target
groups of the project.

WEBAP
Wave Energized Baltic Aeration Pump

The main objective of the WEBAP-project
is the demonstration of a wave-powered pump
that helps to mitigate the problem of dead bottoms
(oxygen depletion) in marine environments.

The WEBAP project is being performed during 36 months
from January 1st 2010 to December 31st 2012.

Project partners

Collaboration partners

Contact
Christian Baresel
IVL Swedish Environmental Research Institute Ltd
Phone: +46 8 598 564 06
email: christian.baresel@ivl.se
Project homepage: www.webap.ivl.se

Important note
Because nutrient loads to marine enviroments are the
main cause for oxygen depletion, also the implementation of mitigation measures that reduce anthropogenic nutrient loads to the environment is required.

www.webap.ivl.se

Project background

Expected results of the project

Applied technique

So-called “dead zones”, exist at approximately more than
400 aquatic systems worldwide of which one is the Baltic
Sea, affect a total area of more than 245 000 km2.

The WEBAP project aims at improving the situation in
marine environments suffering from oxygen depletion.

The main idea of the WEBAP is to use ecosystem
services such as wave energy and oxygen-rich surface
water to mimic and enhance existing processes in
nature. The concept has several advantages: without
any moving parts, the constructions can be kept simple,
stable and robust.

The project is expected to lead to enhanced ventilation/
mixing of oxygen-free bottom water-layers.
The primary environmental results are:
1. Increasing oxygen levels in the oxygen-free
deepwater layers
2. A significant decrease of phosphorus concentrations
in the bottom water due to a decrease in the
phosphorus leakage from bottom sediment

Because the project suggests mimicking and enhancing
naturally occurring processes, possible unforeseen side
effects represent risks that are not to be considered
as exogenously imposed but are repeatedly occurring
naturally.
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Figure 1. Affected coastal areas in the world. (Map available at http://www.wri.
org/map/world-hypoxic-and-eutrophiccoastal-areas. © 2008, World Resources
Institute)

The increasing spread of oxygen-free water layers in the
open Baltic Sea over the last hundred years directly
impacts the coastal ecosystems by driving fish away from
important feeding and nursery habitat and killing the less
mobile forms of marine life that fish eat.

Further, secondary effects of the project are:
• Recovery of benthic animals and deepwater living fish
• Less algal bloom during summer months
• Improved water quality and increased catches of
high quality fish
• Restoration of natural marine ecosystems, including
natural habitats
• Halting the loss of biodiversity
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Waves force oxygenrich water into a
reservoir inside the
oxygen pump.
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Flexible tube
with variable
outlet depth.

Oxygen-saturated
surface water

The lack of oxygen in deep water may also affect the
benthic fauna (organisms living on the sea floor) and fish
recruitment. It has further caused an increased leakage of
phosphorus from the bottom sediments, which contributes considerably to an increased eutrophication. For
that reason, oxygen depletion has developed into a
severe environmental problem for the Baltic Sea and its
dependents.
The ecological changes caused by the lack of oxygen
also affect humans in different ways. Many communities
along the coasts depend fully or partly on healthy marine
ecosystems for fisheries in order to provide food and
income. Already over-fishing and habitat loss makes
coastal communities suffer from decling fish populations.
Another impact regards the water quality in coastal areas
that are used for recreation and tourism. This of course
also comprises health aspects.
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Because of a higher
water level inside the
reservoir than the
surrounding sea level a
vertical water flow is
induced.
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This flow implies that the
oxygen-saturated water
from the reservoir flows
vertically through the tube to
oxygen-depleted deep water
layers. This causes an increase
of the oxygen content in these
layers as well as a mixing of
existing stratifications.

Figure 2. Extent of oxygen-depleted bottom water in the Baltic in autumn 2009
(Swedish Meteorological and Hydrological Institute (SMHI; www.smhi.se), 2009)
Effect:
Oxygenation
and mixing.

Figure 3. Schematic figure explaining the principle of WEBAP.

Expected results:
Recover of oxygen
levels for plants and
animals.
Decreased
phosphorus
concentrations.

