Seaweed perspectives

		

in the Central Denmark Region

This folder is produced as a summary of the project ”Algae for Biogas in the Central Denmark
Region” (Alger til Biogas i Region Midtjylland) (2010-2013). The project was supported by the
Central Denmark Region and EU FP7, and carried out by Aarhus University, Technological Institute, DONG Energy A/S, Ocean Centre Denmark and the Kattegat Centre. The Bros. Hartmann
Foundation supported the AlgaeCenter Denmark cultivation facility.

Introduction

GREAT POTENTIALS IN SEAWEED
In the seas surrounding Denmark more than 400 different species of seaweed can be
found. Seaweed is a resource, that we should utilise much more in the future.
Bio-refining for sustainable products

Results from Algae for Biogas in the Central
Denmark Region
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Seaweed can be eaten as a sea vegetable. In Denmark however, we most often find seaweed as an There is a good biogas potential in seaweed – even
ingredient in manufactured products.
without the application of resource demanding
pre-treatments. Furthermore, some types of seaCompounds extracted from seaweed are widely weed can be used to increase the yield of biogas
used as ingredients in the food industry: Seaweed from manure.
thickeners give the right consistency to tooth paste,
mayonnaise and ice cream, and keep the cocoa Seaweed efficiently takes up nutrients from manure
particles afloat in the chocolate milk. Proteins and and wastewater, and CO from flue gas. The more nu2
healthy omega3 fatty acids from seaweed can be trients the seaweed takes up, the higher the content
used in animal feed and worldwide technologies of valuable protein in the biomass. And the content
for the utilisation of seaweed in production of of heavy metals are still below the threshold limit
sustainable energy are being developed.
values for utilising the seaweed for feed and fertiliser.
The most sustainable use of seaweed biomass – eco- From research to the industry of tomorrow
nomically as well as environmentally – is achieved by
using the entire biomass in a bio-refinery, where the In the Central Denmark Region as well as the rest
seaweed is refined into several different products. of Denmark, there are industrial perspectives in the
cultivation and utilisation of seaweed. There is a potential for growth, jobs and development of technology throughout the entire production chain from
cultivation and pre-treatment to the final products.

Cultivation of seaweed improves climate and
environment
Seaweed biomass is CO2 neutral, and cultivation and
harvest of seaweed in the sea removes nutrients
and thereby results in a cleaner marine environment.

Partners in the project:

Potentials in seaweed

BIO-REFINING = SUSTAINABLE PRODUCTS
Seaweed contains compounds that can be used for several purposes.

The most sustainable utilisation of seaweed biomass is achieved by an integrated utilisation of
the biomass constituents for a range of different
products. In a bio-refinery, the biomass can be split
into different compounds:
•
•
•
•
•
•

Proteins, which can be used as food supplements or animal feed
Carbohydrates, which can be used as additives
in the food industry or for energy production
Fatty acids, which can be used for food supplements or animal feed
Colorants, which can be used in the food and
feed industry
Bioactive compounds, which can be used in the
pharmaceutical industry for medicine, health
and care products
Nitrogen, phosphorus and minerals, which can
be used as agricultural fertilisers

It is necessary to develop methods for extracting
the most valuable compounds from the seaweed
without destroying or polluting the remaining biomass.
Typically, high value products such as colorants
and bioactive compounds are extracted first. In
the next step proteins can be extracted and used
for animal feed and the residues can be fermented
to biogas or ethanol. The final residues from the
biogas production can be utilised as fertiliser.
An integrated utilisation of the different constituents of the seaweed results in a considerable and
necessary increase of the biomass value.
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BIOGAS, CULTIVATION AND HARVEST
Seaweed has a good biogas potential, but the price of the biomass must be reduced.

The results from Algae for Biogas in the Central
Denmark Region demonstrate that:

Biogas:
•
•

•
•

Seaweed can be used as substrate for production of biogas
Resource demanding pre-treatments (extrusion, enzyme treatments with REnescience
technology, presure cooking, microwave, ozone addition) do not significantly increase the
biogas yield
Oarweed increase the biogas yield of cattle
manure in co-digestion
Seaweed is not suitable for thermal energy
conversion such as combustion, because the
contents of water (80%-90%), ash (up to 30%)
and alkali metals are too high

Cultivation and harvest:
•
•
•
•
•

It is not sustainable to harvest large
amounts of seaweed from natural populations in Denmark
Methods for off-shore cultivation of seaweed in Denmark are developed, e.g. in
co-cultivation with line mussels
Mechanisation of harvest of cultivated seaweed is being developed
Cultivation and harvest must be made more
efficient in order to achieve a cost-competitive biomass
The content of lipids, carbohydrates and
proteins in seaweed varies with species and
season. Therefore, timing of harvest is crucial for the usability - and thus the value - of
the biomass
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FEED, FERTILISER AND ENVIRONMENTAL
IMPROVEMENT
Seaweed is efficient in taking up nutrients and converting them to protein.

Feed and fertiliser:
•
•
•

Environmental improvements:

The amino acid composition of seaweed pro- •
tein makes it suitable for use in feed for e.g.
fish, poultry and pigs
•
Extrusion of seaweed meal yields seaweed
pellets of a technically good quality
•
The residues from production of biogas based
on seaweed is suitable for use as a fertiliser
Methionine
(% af TA)

Lysine
(% af TA)

Cysteine
(% af TA)

Soy bean

1,3

6,7

1,8

Sea lettuce
(Ulva lactuca)

2,2

4,7

1,8

Oarweed
2,1
(Laminaria digitata)

5,4

3,1

The content of three essential amino acids in soybean,
oarweed and sea lettuce (in % of total amino acid (TAA)).
Compared to the specific need for amino acids of husbandry
animals, there is typically to little of these three amino acids
in protein derived from land plants.

•

Wastewater and manure can be used as nutrient sources for cultivation of sea lettuce
Flue gas can be used as a source of CO2 in cultivation of sea lettuce
Seaweed cultivated using manure, waste water or flue gas can be used for feed and fertiliser, because the contents of heavy metals are
below threshold limit values
For every metric tonne* of seaweed produced in the sea, 40 kg of nitrogen and 5 kg of
phosphorus are removed from the marine
environment
* Dry weight

“

It is important to get a Danish seaweed production on an industrial large scale. Seaweed
is a valuable source of essential amino acids
that are in low supply in protein derived from
terrestrial plants. We are ready to buy millions of tonnes of seaweed for the production
of optimized feed protein for pigs. But we
need a stable supply and quality – and a
competitive price.
- Jens Legarth, CEO, Fermentationsexperts,
and member of the industrial network of
Ocean Centre Denmark

Results: Algae for Biogas in the Central Denmark Region

SEAWEED: FROM RESEARCH TO INDUSTRY
Research in seaweed can be converted into value throughout the entire production
chain from cultivation to final product.

Production

Harvest

Processing

Research and development in cultivation and utilisation of seaweed is growing – both in Denmark
and the rest of the world. The Danish companies,
CP Kelco and Dupont (Danisco), are leading internationally in the business of extracting hydrocolloids from imported seaweed biomass. However,
having large marine areas Denmark also has a
huge potential for production of seaweed as a
raw material.
Through the project of Algae for Biogas in the
Central Denmark Region, and through the AlgaeCenter Denmark, the Central Denmark Region has
become a centre for industrially driven research
and development in the cultivation and utilisation
of seaweed.

Prodcts

Application

chain meet at the AlgaeCenter Denmark conference in Grenaa: ”Macroalgae - from research to
industry”. Here knowledge, experience and ideas
are shared between participants from the industry,
consultancy companies, research institutions, GTS
institutes and authorities from Denmark and the
rest of Europe. Contacts are being made and new
partnerships take form.

Perspectives in the Central Denmark Region

In the Central Denmark Region, thousands of
companies are found in trades with a business
potential related to the seaweed production chain.
Many of these companies are already involved in
production or utilization of seaweed, and even
more are interested. An industrial network hosted
Cross sector sharing of knowledge
by the Ocean Centre Denmark (Havets Hus) has
25 actors, including SMEs and large companies
Every year participants from the entire production with interest in seaweed production or utilisation.

AlgaeCenter Denmark cooperates with companies, research and GTS institutions from all over the world.
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COMMERCIAL POTENTIALS IN SEAWEED
One of the important aims of the Algae for Biogas project has been to map the commercial potentials in cultivation and utilisation of algae in the Central Denmark Region.
•

•

•

•

There is a large interest in the perspectives of
cultivation and utilisation of seaweed from
industry, NGOs, educational institutions and
decision makers
Algae for Biogas in the Central Denmark Region has initiated large and small R&D projects
with participation of more than 20 different
industrial partners
The industrial network of Ocean Centre Denmark (Havets Hus) includes 15 businesses
and 10 research institutions and GTS institutes with a common interest in cultivating
or utilising seaweed
Nordic Algae Network, initiated by partners in
AlgaeCenter Denmark, includes 18 businesses
and 4 institutions in Norway, Island, Sweden
and Denmark, all working with seaweed or
microalgae

“

Seaweed is a very promising substrate for
co-digestion with manure, both because the
seaweed has a higher biogas potential and
because algae as a crop do not compete with
the production of food. However, algae species are very different and the differences are
reflected in the fraction of biogas substrate
the algae biomass can substitute.
- Henrik B. Møller, PlanEnergi

Potentials in seaweed

CULTIVATION OF SEAWEED IMPROVES THE
MARINE ENVIRONMENT
Seaweed can be cultivated in tanks on land, but when large quantities are needed,
the seaweed must be cultivated in the sea.
The waters of the Central Denmark Region are well
suited for cultivation of seaweed in large scale.
Cultivation of seaweed in the sea is advantageous
because seaweed takes up nutrients from the
seawater. In that way seaweed cultivation cleans
the marine environment and re-capture valuable
nutrients.

towards cheaper and more efficient production
methods so that Danish seaweed can compete
with the biomasses traditionally used for fish
feed and bioenergy - or with seaweed produced
in countries with lower production costs.

Large-scale seaweed production is also necessary
to secure a stable delivery of raw material, developSystems for offshore cultivation of seaweed are ment of new business areas and stable operation
developed, but it is still a challenge to produce of production facilities and the build-up of markets
the biomass at a cost-competitive price. For this for products containing seaweed.
reason it is necessary to continue the development

FACTS ABOUT CULTIVATION AND HARVEST OF SEAWEED IN
DANISH WATERS
•
•
•

From 1 hectare you can harvest 5-15 tonnes of seaweed (dry
weight)
The seaweed harvested has removed 3-9 tonnes of CO2 from
the atmosphere
From the harvested seaweed you can extract:
o 200-600 kg of N, equivalent to 450-1.350 kg of protein
o 25-75 kg of P
o 3-9 tonnes of C equivalent to 1.050-3.150 m3 bio-methane

Perspectives

CONCLUSIONS AND RECOMMENDATIONS
There is a commercial potential in seaweed. To realise the potential there is a need for
continued co-operation between industry, research, NGO’s and authorities.
The project Algae for Biogas in the Central Recommendations
Denmark Region concludes:

To secure a sustainable – economically and en• Seaweed has a good biogas potential, in par- vironmentally – development of business areas
ticular for co-digestion with manure
related to cultivation and utilisation of seaweed
• Seaweed efficiently takes up nutrients and can in Denmark, it is recommended to focus on:
be used as a bio-filter for cleaning of nutrient
rich seawater and wastewater sources
• Cultivation and harvest:
o Improvement of efficiency and meActivities and results in the project also emphachanisation of large-scale cultivation
sises that it is not feasible to cultivate seaweed
and harvest
o
only for energy purposes, but that the aim should
Documentation of the potential of
be bio-refining of the biomass:
using seaweed as a bio-filter for recapturing nutrients from the marine
• Bio-refining:
environment
o An integrated utilisation of the entire
o Documentation of the effects on the
seaweed biomass, where various comsurrounding marine ecosystems
ponents from the same biomass are
(animals, plants etc.) of off-shore,
utilised for several different purposes
large-scale cultivation facilities
•

•

Efficiency:
o Throughout the production chain, in
particular in cultivation and harvest,
there is a need for increased mechanisation and optimisation of the processes, in order to make the biomass
more cost-competitive

•

Large-scale production:
o Production in large scale in order to
secure profitability, stable operation of
the production facilities and build-up
of a buyer’s market

•

Pre-treatment:
o Development of technology for storage
and pre-treatment of seaweed biomass

Capitalisation of the environmental benefit:
o The bio-filter potential of seaweed
should be utilised as a method to remove •
and re-capture nutrients from the
marine environment and CO2 from
the atmosphere.This aspect has attention from industry, NGOs and decision
makers

Products:
o Development of bio-refinery processes,
that make possible parallel utilisation
of several components from the same
seaweed biomass for different purposes
o Development and test of animal feed
based on seaweed biomass
o Securing marketing channels and
maturing of the market for seaweed
and products based on seaweed
o Mapping and resolving of the legislation
barriers associated with cultivation and
utilisation of Danish cultivated seaweed
o Strong co-operation between industry,
research and authorities

AlgaeCenter Denmark

ABOUT ALGAECENTER DENMARK
AlgaeCenter Denmark established in 2010 a cultivation facility in Grenaa as part of the
project Algae for Biogas in the Central Denmark Region.
•
•
•
•
•

The partners in AlgaeCenter Denmark: Danish Technological Institute, Aarhus University and
Ocean Centre Denmark (Havets Hus)/The Kattegatcenter
The facility is located at Grenaa Habour next to Ocean Centre Denmark (Havets Hus)/The Kattegatcenter
The facility consists of 12 tanks with two separate, recirculating water systems
The facility is used for research, development, dissemination and teaching focusing on growth
and innovative uses of seaweed for feed, food, energy and high value products
www.algecenterdanmark.dk

CONTACT US
If you would like to know more about the project Algae for Biogas in the Central Denmark Region or about the AlgaeCenter Denmark, you are very welcome to contact us.
DANISH TECHNOLOGICAL INSTITUTE
- www.teknologisk.dk

OCEAN CENTRE DENMARK/THE KATTEGATCENTER
– www.havetshus.dk

Peter Daugbjerg Jensen, head of department,
mail: pdn@teknologisk.dk

Lone Thybo Mouritsen, R&D consultant,
mail: lm@havetshus.dk

AARHUS UNIVERSITY, DCE -DANISH CENTRE FOR
ENVIRONMENT AND ENERGY
– www.dce.au.dk
Annette Bruhn, research scientist,
mail: anbr@dmu.dk

“

At the Festival of Research this year, I visited among other places the AlgaeCentre
Denmark in Grenaa. The AlgaeCentre is a
co-operation between institutions working
together in seaweed research. For me this
was a good example of how research has the
ability to change things. Research in seaweed is a good example of how research
can find sustainable solutions. And it demonstrates that research is a substantial
precondition for us to be able to keep our
wealth and welfare.
- Morten Østergaard, Minister of Science,
Innovation and Higher Education

