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”Essential for life on earth, yet destructive in 
excess quantities in an aquatic environment, 

phosphorus is one of Mother Nature’s paradoxes” 1

Source

• Phosphate rocks
• Mined: stocks estimated 

to last 50-100 years 2-5

Use
• Fertiliser for food and feed
• Industrial uses (minor use)

Loss

• Agricultural runoff
• Sewage sludge and waste 

water

Sink
• Soil stocks
• Marine environments



Figure 1.	
Current N & P flows and potential for circular blue-green bioeconomy. The solid arrows represent the
current linear flows of N&P. The dotted arrows represent a proposed loop closure mechanism. The arrows
in circles represent the desired effects of policy measures, increasing or decreasing the volume of flows.
Policies should aim to close the loop by enabling or stimulating uptake, recovery and reuse through marine
biomass and associated products, as well as reducing load to sea and reducing input of N&P [e.g. from
minerals and synthetic fertilizer] to the system.

Marine bioeconomy for circular nitrogen and phosphorus 
flows in Sweden: Alternatives, hurdles and policy tools
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■ Materials & Infrastructure 

#1 #2 #3 #4 #5 #6 #7

✓ All studied cases “close-the-loop” on N and P (N-ROI > 1) contributing to 
phosphorus security and some degree of local eutrophication mitigation, especially 
#5 and the low-trophic extractive aquaculture cases #1-4

✓ All cases also performed well from a carbon perspective (C-ROI), especially #5 and 
#6 

25.9 34.2 78.1 44.4 277 13.0 6.13 Nutrient-ROI

0

2000

4000

6000

8000

10000

12000

14000

Kelp Mussel W Mussels E Ascidians Beachcast Reed Oysters

M
J

Cumulative Energy Demand (non-renewable) 

A  B  C A  B  C A  B  C A  B  C A  B  C A  B  C A  B  C
0

100

200

300

400

500

600

700

800

900

1000

Kelp Mussel W Mussels E Ascidians Beachcast Reed Oysters

M
J

Cumulative Energy Demand (renewable) 

A  B  C A  B  C A  B  C A  B  C A  B  C A  B  C A  B  C

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Kelp Mussel W Mussels E Ascidians Beachcast Reed Oysters
k
g

 P
O
₄

-
eq

Eutrophication impacts 

A  B  C A  B  C A  B  C A  B  C A  B  C A  B  C A  B  C
0

50

100

150

200

250

300

350

400

450

500

Kelp Mussel W Mussels E Ascidians Beachcast Reed Oysters

k
g

 C
O

2
-

eq

Climate impacts 

A  B  C A  B  C A  B  C A  B  C A  B  C A  B  C A  B  C

A Functional unit: ton-1 fresh weight C Functional unit: kg-1 phosphorus uptake

B Functional unit: ton-1 dry matter

■ Energy & Transport

■ Materials & Infrastructure 

#1 #2 #3 #4 #5 #6 #7

2.44 1.67 2.80 5.39 61.2 8.67 0.85 Carbon-ROI
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Life Cycle Assessment (results: cradle-to-gate)



Element Flow Analysis (mapping biomass uses for  P “loop closure”)

✓ Reed and beachcast were largest potential source of P but are mostly unused today, with 
potential mostly lying in their use as fertilizers and feed

✓ Shellfish cases mostly recover P as food and feed products

Point-of-P-uptake P-end-point

Unused

2050

#1

#
2

#
3

#
4

#
5

#
6

#
7

(unit: tons of P)

PRESENT



✓As much as 
5.7% and 10.1% 
of P emissions 
could be 
recovered by 
2030 and 2050, 
respectively* 

* Assuming Sweden 
adopts a “blue-growth 
enabling environment” 
to support and nurture 
blue industries and 
communicate the 
many benefits of this 
sector (health, 
environmental, 
sustainable rural 
economic growth, etc.) 

#1
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#
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#
7

Element Flow 
Analysis



The reed innovation system: stakeholder landscape, potential product 
pathways and their benefits – Elea Juell-Skielse’s master thesis 







Figure 8: Word cloud with the concepts related to HURDLES

which were most often mentioned by the participants. Word 

size correlates to word occurrence. 

Figure 6: Word cloud with the concepts related to POTENTIAL 

BENEFITS OF AN INCREASED REED HARVEST which were 

most often mentioned by the participants. Word size correlates 

to word occurrence. 



Figure 14: POSSIBLE CASCADING PRODUCTS
Figure 16: VALUE CHAIN A TO G ILLUSTRATED WITH ADDITIONAL BY-PRODUCTS AND 

BENEFITS. Note that none of the participants mentioned any by-products or benefits 

connected to value chains H and I, which have therefore been excluded from the figure. 



Cost-Benefit Analysis of harvesting 
beachcast in Gotland #1

#
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✓ Is the harvest of beachcast worth the cost? Evaluate all monetizable 
costs and benefits to determine profitability for society 

✓ Data from beachcast removal carried out as local water protection 
projects (LOVA), paid for by national government grants and the local 
municipalities (40 projects in period 2009-2018, ≈ 90 000 tons FW total)
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Cost-Benefit Analysis – socio-economic synthesis & policy landscape

Biomass Production costs Revenue Financial net Value of N&P 
removal

Non-quantified 
negative 
externalities

Non-quantified 
positive 
externalities

Cultivated 
seaweed 10 20 +10 € +3 € Recreation

Habitat 
generation

Mussels W 5 12 +7 € +6 € … …
Mussels E 7 2 -5 € +4 €
Ascidians Uncertain Uncertain Uncertain +10 €
Beachcast 8 0 -8 € +8 €
Reed 4 0 -4 € +4 €
Pacific oysters 15 20 +5 € +3 €

Hasselström and Gröndahl 2021. Payments for nutrient uptake in 
the blue bioeconomy – When to be careful and when to go for it

Numbers made up for illustrative 
purposes 
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