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TGhe scientists extract Omega 3 fatty acids from fish which absorb them from
their food, such as small crustaceans, and which in turn have obtained them by
grazing on microalgae. Credit: Tor Nielsen/SINTEF.

Microalgae consist of single cells but are capable of producing
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everything from food to fuel with the help of tailor-made LED lighting.

"We're working to synthesise raw materials for biofuels, cosmetics and 
health food, and ingredients which can replace fish oil in fish farm feed,
by means of so-called phototrophic production using algae," says
Andreas Hagemann, a SINTEF research scientist.

"We extract Omega 3 fatty acids from fish which absorb them from
their food, such as small crustaceans, and which in turn have obtained
them by grazing on microalgae", he says.

Hagemann is standing in his lab at Brattørkaia in Trondheim, beside
something which looks like a glowing advertising sign, but which in fact
consists of small light panels covered with light-emitting diodes.

Alongside it are four small glass flasks containing a bubbling liquid
looking a bit like a yellow-green smoothie. This is the green alga
Haematococcus pluvialis. It is reproducing, and the bubbles cause the
liquid to circulate so that the algae are exposed to equal amounts of light.

"The light intensity is significantly reduced not far inside the flasks,"
Hagemann explains. The lab spectacles he is wearing are actually
sunglasses because although the light is not harmful to his eyes, it is
tiring to work in such strong light for an extended period.

A living factory

What we are looking at is a small algal factory which can produce a
range of different nutrients, thanks to the small light-emitting diodes.

"We've known for some time that micro-organisms that convert light
energy to chemical energy respond differently, depending on the type
and amount of light to which they are exposed," explains Hagemann.
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This is where the LED technology comes into its own. LEDs can be
controlled much more precisely than other types of light sources. By
tailoring the light's spectrum, intensity and duration, researchers can
influence the production of interesting compounds by the algae.

"For example, we can illuminate the alga in such a way that it becomes
stressed. It then produces a "smart" substance which it uses to protect
itself against the stress," explains Hagemann, who works in SINTEF's
Department of Marine Resource Technology, which researches mainly
into organisms close to the bottom of the marine food chain.

"This technology can provide us with a number of raw materials which
can be used in everything from medicines to fuel", he says.

Light from Trysil

SINTEF researchers Andreas and Matilde Chauton are currently
carrying out lab tests to see how the intensity of the light emitted by the
diodes with different light spectra affects different single-celled
organisms. The goal is to get them to produce the fatty acid EPA and the
antioxidant astaxanthin, which are both in demand in the health food
industry.

They are working on assignment for Evolys, a Norwegian company
based in Trysil which is developing and manufacturing various forms of
lighting for use in the agriculture and aquaculture industries.
Determining the potential of light, and particularly of LED technology,
to influence the "production capacity" of algae is an important area of
focus for the company.

"Microalgae represent an exciting new industry," says the company's
founder, Kristoffer Lindback Larsen. "And supplying products based on
this science is an important part of our business concept. We are
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therefore collaborating with SINTEF to discover more about how light
affects microalgae, including their growth and the substances of interest
they may contain. We want to use this knowledge to develop methods
which achieve our goal as effectively as possible. We believe this will
improve growth in the industry and increase production by our
customers. Much of the knowledge we need originates in SINTEF's
laboratory," he explains.

From biofuels to animal feed

This new industry has enormous potential. Using microalgae, a growth
medium containing nitrogen and phosphorous, carbon dioxide and the
right type of light, it is possible to generate a wide range of useful and
valuable substances which otherwise are in short supply.

"This is a small industry at present, but globally we believe it will grow
rapidly. Our aim is to be ready with Norwegian skills and products," says
Lindback Larsen. "Light is by far the most important factor when
producing phototrophic microalgae, and just a small adjustment of the 
light can be a "make or break" factor for our customers," he says.
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