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As we shift resources in the bioeconomy, they are always associated with emissions.
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Importance of Phosphorus
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Eutrophication
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Material Flow Analysis
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Norwegian Phosphorus Flow Analysis
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(Hamilton et al., 2016)
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Fertilizer Production Waste Management (Hamilton et al., 2016)



100t P/yr (2009-2012 average)

Crops

Crop 4@

| Production .
' Runoff Grazing/Feed Crops

Water Bodies

Animal
Husbandry

/| Fertilizer
Secondary
Fertilizer

Fertilizer Production Waste Manag

(Hamilton et al., 2016)



100t P/yr (2009-2012 average)

Import/Export

3 =
= 2 & SN 8
©
£ S S 8 8
= 4 £ £ a4
Excrements/Feed Losses -
: @ W Farmed Fish
! Fish for Feed Aquaculture 368
: .@ | J \_—/
Fish for Human Consumption
Food
k4, Processing . 5
g and Human -
S )
E Crop Consumption
© Production :
= RUNoff Animal
.__®_ Products
Animal L
Manure Husbandry >
© >
- J J = )
(N [@)]
53 ) 25 3(“) E
O8NS 8 o] &
St S B\ 3 o
> 9 9o Discharge v g
L ] A /'I_']\ >
S S S S ) . . . R
Fertilizer Production Waste Management (Hamilton et al., 2016)



Norwegian Secondary P Sources

RESEARCH AND ANALYSIS I
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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)
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|s 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. 
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Norway's Secondary P Potential
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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 
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