
 

 

A review of the state-of-the-art in seaweed production 
and its applications revealed that North Sea seaweed is 
a potential sustainable resource for feed and non-food 
applications. Various economic, ecological and social 
challenges are identified, which need to be addressed to 
utilise this potential. 
 
Aim of the study 
This study focused on the potential of seaweed, cultivated 
in the North Sea, as a sustainable and profitable resource 
for feed and non-food applications. Seaweed production 
can take place as part of multi-use platforms at sea 
(MUPS). The aim of this study is twofold. First, to present 
the state-of-the-art knowledge about different elements of 
the seaweed chain: production, either in separate 
production systems or in combination with fish farming, 
processing and use in diets for farm animals and fish. 
Hazards for feed and food production are presented as 
well as non-food applications of seaweeds. Second, to 
assess the feasibility of North Sea seaweed production 
from a Triple P perspective, addressing economic, 
ecological and social feasibility. 
 
State-of-the-art 
The review of scientific publications and experimental data 
reveals that seaweeds can be grown in the North Sea. 
Ongoing research examines how production in 
combination with mussel and fin fish aquaculture can be 
realised. The produced seaweed can be used as a source 
of proteins and polysaccharides to be used in feed and 
non-food applications. Research shows beneficial effects 
on adding seaweed components to the feed mix. Various 
biorefinery techniques are available to produce green 
chemical building blocks from seaweed. 
 
Feasibility from a Profit perspective 
Based on the review of expected production costs and 
revenues, an economically viable seaweed production is 
possible provided that high value products can be 
obtained. At this moment, there is no commercial 

seaweed production in the North Sea. There is uncertainty 
about future value chains of offshore production and it is 
uncertain how to organise offshore production and value 
chains.  
The market for seaweed products is diverse. High value 
products include feed additives, chemicals and alginates. 
Direct consumption by animals offers low value. The use 
of seaweeds for the production of biofuels seems unlikely 
due to the low prices that are paid for biofuel material. To 
match production costs and the value of the produce, 
biorefinery is necessary to make multiple products from 
the basic material. Technical innovation and the design of 
systems that enable multiple harvests per year can reduce 
production costs. 
 
Feasibility from a Planet perspective 
To be a sustainable resource for feed and non-food 
applications, seaweed production should not have 
negative impacts on the ecosystem. To assess eco-
sustainability of marine seaweed production within MUPS, 
the applicability of different approaches and models is 
reviewed. Nutrient models provide quantitative biological 
information about growth and nutrient assimilation 
efficiencies as a function of environmental variables 
(nutrient availability, oxygen, temperature, light 
intensity). Cumulative Effect Assessment (CEA) and Eco-
dynamic Development and Design (EDD) models identify 
the most severe risks and pressures, and thereby define 
the most vulnerable ecosystem components. In addition, 
these models may help to design effective production 
systems that make optimal use of ecological conditions, 
and minimise adverse ecosystem effects. MUPS systems 
are complicated since they include multiple production 
lines and have open connections with the surrounding 
aquatic system. A more advanced variant of Life Cycle 
Analysis will be needed to evaluate the eco-sustainability 
of MUPS.  
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Feasibility from a People perspective 
At present there is no manifest interest among 
stakeholders to develop MUPS, due to the necessary high 
economic and social investment, including the legal 
procedures involved. The concept of MUPS needs to 
mature so that it becomes possible to develop a realistic 
and reliable business case, attractive for the potential 
partners from the energy and aquaculture sector.  
A successful business case requires an optimal 
governance and planning mix, instigated by different 
actors. This planning mix needs to support the 
development of such business cases. Legislation needs to 
change but this is not the most important obstacle. 
Bridging the worlds of different offshore business sectors 
(e.g. fisheries, aquaculture and wind energy) is a more 
challenging issue. It would be a major step if the current 
small-scale experiments in seaweed farming can be 
followed by an experimental MUPS to facilitate learning. 
 
Methodology  
This report combines new research with knowledge and 
expertise from various research projects Wageningen UR 
is involved in. It integrates various disciplines, such as 
plant science, chemistry, economics, animal science, 
process technology and social science. This integrated 
approach offers new insights for the specific field of 
marine production. The report addresses all the issues 
involved, providing a bird's eye view on the subject 
matter, combining the collective expertise and gaining 
synergy.  
 
Overview of the report 
A state-of the-art overview of knowledge is provided in 
the first part of the report. The following issues are 
addressed: 
• Basic information on botany and chemistry of the major 

groups of seaweed (marine macro algae)  Chapter 1 
• Production of seaweeds in the North Sea, addressing 

growth potential of various species  Chapter 2 
• Production of seaweeds in integrated multi-trophic 

aquaculture (IMTA) systems, combined with production 
of shellfish and fish  Chapter 3 

• Processing of seaweeds using biorefinery, as a first step 
towards various applications  Chapter 4 

• Potential of seaweeds a source of animal feed and feed 
additives, for both livestock and aquaculture  Chapter 
5 

• Relevant food and feed risk regulation that should be 
taken into account when utilising seaweeds  Chapter 6 

 

• Possibilities to use seaweeds for non-food applications, 
in particular for production of green chemical building 
blocks  Chapter 7 

 
The potential of seaweed production is then evaluated 
from a Triple P perspective. The development and 
exploitation of seaweed needs to be feasible in line with 
Profit, People and Planet requirements. In the Chapter 11, 
conclusions from this research are presented and future 
research challenges are identified. 
 
 
 

LEI Wageningen UR 
P.O. Box 29703 
2502 LS Den Haag 
The Netherlands 

Sander van den Burg 
T  +31 70 335 81 29 
E  sander.vandenburg@wur.nl 
www.wageningenUR.nl/en/lei 

This a summary of LEI Report 13-077. 
Burg, S. van den, M. Stuiver, F. Veenstra, P. Bikker, 
A. López Contreras, A. Palstra, J. Broeze, H. Jansen, 
R. Jak, A. Gerritsen, P. Harmsen, J. Kals, A. Blanco, 
W. Brandenburg, M. van Krimpen, A-P. van Duijn, 
W. Mulder, L. van Raamsdonk, 2012.  
A Triple P review of the feasibility of sustainable 
offshore seaweed production in the North Sea. 
Wageningen, Wageningen UR (University & 
Research centre), 2013. 


	Aim of the study
	State-of-the-art
	Feasibility from a Profit perspective
	Feasibility from a Planet perspective
	Feasibility from a People perspective
	Methodology
	Overview of the report


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /NewsGothicStd
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /NLD ([Gebaseerd op drukker])
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


