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https://www.stockholmresilience.org/research/planetary-boundaries.html
Rockstrom, J., et al., A safe operating space for humanity. Nature, 2009; Steffen, W., et al.,
Planetary boundaries: Guiding human development on a changing planet. Science, 2015.

BHEAKING BOUNDANIES
T MCRBCE BT e AT

Gulf of Mexico "dead zone” forecast for 2019, NOAA


https://www.stockholmresilience.org/research/planetary-boundaries.html

- Phosphate rocks

« Mined: stocks estimated
to last 50-100 years 2>

« Fertiliser for food and feed
- Industrial uses (minor use)

- Agricultural runoff

- Sewage sludge and waste
LOSS  water

P ntiaf forlife th;yef destructn/e in _} -

« Soil stocks

g xc?é)ﬁ‘; uﬁltlésm na atice vironment,: S : :
e q a A - - Marine environments

phog:horus is one of I\‘fother Nature’s paradoxes” !

" EcoSanRes, Closing the Loop on Phosphorus. 2003, Stockholm Environment Institute (SEI) funded by SIDA Stockholm (2003): Stockholm

2 Cordell, D., J.-O. Drangert, and S. White, The story of phosphorus: Global food security and food for thought. Global Environmental Change, 2009. 19(2): p. 292-305.

3 Elser, J. and E. Bennett, A broken biogeochemical cycle. Nature, 2011. 478(7367): p. 29-31.

4 Steen, |., Phosphorus availability in the 21st century: management of a non-renewable resource. Phosphorus Potassium, 1998. 217: p. 25-31.

5 Cordell, D. and S. White, Life's Bottleneck: Sustaining the World's Phosphorus for a Food Secure Future. Annual Review of Environment and Resources, 2014. 39(1): p. 161-188.
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- Energy & Transport A Funcuonal umt: ton ' fresh weighn C Functional umit: kg! phosphorus uptake
Materials & Infrastructure B Functional unit: ton! dry matter

v" 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

v" All cases also performed well from a carbon perspective (C-ROI), especially #5 and
#6
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12 880 tons P per year
98 200 tons N per year

22001003 F peryear Materials & chemicals

Materials, food, etc.

7.920 tons P per year d&feed
S0 100 tans N per year Food & fe
v'As much as

5.7% and 10.1% AR <

12500 tons P per year
178 000 tons N per y sar

of P emissions Mineral ore
could be

recovered by

2030 and 2050,

respectively*

CLOSING NITROGEN AND PHOSPHORUS
LOOPS USING MARINE BIOMASS

Plausible futures for 7 harvesting and
utilisation cases in Sweden by 2050

* 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.) TR o e ey

1603 tons N per year

AQUACULTURE

Kelp Ascidians
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Figure 10: Current reed innovation system. Actors, artifacts, and activities interact within the boundaries of the

institutions of the system. Inspired by Granstrand and Holgersson (2020).
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Figure 6: Word cloud with the concepts related to POTENTIAL Figure 8: Word cloud with the concepts related to HURDLES
BENEFITS OF AN INCREASED REED HARVEST which were which were most often mentioned by the participants. Word
most often mentioned by the participants. Word size correlates Size correlates to word occurrence.

to word occurrence.
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Figure 14: POSSIBLE CASCADING PRODUCTS

Sanl mmebormn

Ferilizer

Bioch

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.
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CRISTINA BARROCA; ANSA/JIAN FENG; MAX FRELING; ANDREW HUCKBODY
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Transport Processing
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Yo < Beachcast biochar V
: Beachcast
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Established value chains @—————=g g o —_— >
Potential value chains @~ — —® -

Biomass Production costs | Revenue Financial net Value of N&P Non-quantified
removal negative
externalities
10 20

Cultivated
seaweed

5 12
| MusselsE | 7 2
| Ascidians | Uncertain Uncertain
8 0
4 0

Pacific oysters 15 20

Cost-Benefit Analysis — socio-economic synthesis & policy landscape

Hasselstrom and Grondahl 2021. Payments for nutrient uptake in
the blue bioeconomy — When to be careful and when to go for it

Grey growth Genuine blue growth
Pull + o— ./
P
Polluter pays Steward eamns (e.g. PES)

- X &

Dead end

Private benefits
Biomass profit potential

Conditional blue growth
- +

Public benefits
Net externalities

Non-quantified

positive
externalities
+10 € +3€ Recreation Habltgt
generation
+7€ +6 €
-5€ +4 €
Uncertain +10 €
-8€ +8 €
-4 € +4 €
+5 £ + £

Numbers made up for illustrative

purposes
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