
How circular is Norway’s
BIOECONOMY ?
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As we shift resources in the bioeconomy, they are always associated with emissions.



Norwegian
BIOECONOMY
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Importance of Phosphorus
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Eutrophication

Image Sources: https://serc.carleton.edu/microbelife/topics/deadzone/index.html (top) https://www.aftenposten.no/norge/i/K3G0M7/Havforskningsinstituttet--Oppdrett-har-ikke-skylden-
for-algeoppblomstring (bottom)



Material Flow Analysis

Image Source: MinFuture Project, https://minfuture.eu/



Norwegian Phosphorus Flow Analysis
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100 t P/yr (2009-2012 average)
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100 t P/yr (2009-2012 average)



(Hamilton et al., 2016)

100 t P/yr (2009-2012 average)
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2050?



Norwegian Secondary P Sources

(Hamilton et al., 2016)



Fisheries and Aquaculture Eutrophication Footprint
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Figure 1. Global marine and freshwater eutrophication due to fisheries and aquaculture (Source: Hamilton et al., 2018, Nature 
Sustainability) 



How circular is Norway’s
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~50%

[in terms of phosphorus]



Is circular always better?
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Secondary phosphorus forms vary, often with large fractions of P bound in complex and slowly soluble compounds that are unavailable to plants. Chemically precipitated sewage sludge for example has low fertilization effects due to the high % of P adsorbed to iron/aluminum hydroxides or present as iron/aluminum phosphates. It is therefore important to avoid the application of low quality P products due to soil accumulation and eutrophication risks. 



Sewage sludge
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Norway’s Secondary P Potential
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(Hamilton et al., 2017)
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(Hanserud et al., 2015)
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Means to an end
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Circular economy is not the goal in and of itself. As we’ve seen, we can very easily create a circular economy in some regards and cause problems in others. Rather we should view the circular economy as a means to an end – with the ultimate goal being meeting the SDGs. Where we feed the growing population 



Thank you for your attention

Helen Ann Hamilton, Ph.D.
Industrial Ecology Programme

Norwegian University of Science and Technology
helen.a.hamilton@ntnu.no
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