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Initiatives, projects and efforts

* Farmers, technology suppliers, R&D&I ecosystem o o e |

- ESPP L e e e (=i B

* Sludge network e v sene ox

 Bellona “slamlgftet”, Sea2Land, Circulizer, CLIMAQUA, i O ¢
INNOAQUA and many more... Y ™

 Approaches: Low-trophic, aquaponics, mechanical,
chemical, thermal/drying, biogas, composting,
pyrolysis...

« Aquaphoenix <‘ , H 0 0 D

e Greenhood e
« Bioverdi (biovalue), FoSiMo (research based circular business

models)
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Hva skal jeg snakke om?

Grumpy old guy perspektivet

Slam. Eller neeringsstoft?

Hvor mye kan samles inn? Fosforeksempelet
Verdikjede. Uten verdi og kjede?
Konklusjon:

[ dag gjgdsel og bioenergi.
Idioti: Spa fremtiden.



"%, NCE AQUATECH CLUSTER

* Norwegian Aquaculture Technology

Hva gjar vi? RAS som eksempel.
For og metabolisme => Naeringsstoff utenfor fisk
For mye neeringsstoff blir giftig, nitrogen mm

Fjerne, gjenbruke vannet, best mulig miljg for fisken

Resirkulering/ renseprosess:
Fa bort mest mulig, og kunne slippe ut det som ikke fanges (det partikulzere)

1) Bryte ned ammonium og nitrat til N2 (nitrifikasjon - denitrifikasjon), biologi.
2) Felle ut, tilsats av jern/alu. utfelling av fosfat. Tilsats polymer.
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Konsekvens - verdikjede?

Gjeldende verdikjede:
Nitrogen og fosfor fra oppdrett gar i dag til gjgdsel, mest via biorest.

I RAS anlegg starter verdikjeden med a fjerne mest mulig biotilgjengelig
ammonium, nitrat og fosfat. I prinsipp nesten alt av Verdi

Deretter samles partikuleert slam i svaert utvannet form, kostbart a
transportere, og kostbart a fjerne ugnsket vann i sluttprodukt.

Massen overlates til noen som ofte ikke har ansvar for, dialog med eller
forretningsmessig kontakt med sluttbruker. En slags tilfeldig kjede?



NCE AQUATECH CLUSTER

Norwegian Aquaculture Technology

Atlantic Salmon Sea Cage Aquaculture

Vs

Salmo salar

FEED INPUT

High-quality feed
is delivered from
the barge and
dispersed into
the cage.

SPECIES

Atlantic salmon
(Salmo salar)
reared from smolt
to market size.

NUTRIENT OUTPUTS

Uneaten feed, feces and ° 1 s
metabolic wastes release . e | Ol ee o Py =
nutrients to the surrounding o aw e '."f .‘.0 . e 0 ; =
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NUTRIENTS ’ PARTICULATE ORGANIC oS NUTRIENTS

Sustainable management aims to balance production with environmental stewardship.

SEA CAGE STRUCTURE

Floating frame with
net pen keeps salmon
contained while allowing

water exchange.

WATER EXCHANGE

Tidal currents flush
oxygen-rich water in
and carry wastes
and nutrients out.

o

KEY NUTRIENTS

m Nitrogen

) Phosphorus

G Carbon

Other
minerals

C: Energibzerer
N, P: Stoffskifte mm
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Potential

(a) 1,467,655 tonnes of salmon were produced in Norway in 2020, using

1,976,709 tonnes of feed ingredients.

(b) Average P-content in feed = 0,94% =>
18,653 tonnes of phosphorous
(c) Not retained in body = loss: 75% =>

13,990 tonnes = potential P

(d) Appr. 1/3 of feed to fish production, 1/3 to metabolic loss
=> 1/3 of feed weight potential sludge (35 %) for collection

References: (a) -(c): Aas etal 2022, https://doi.org/10.1016/j.aqrep.2022.101316
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Reality?

(e) Actually collected:
11 % of feed used (Aas & Asgard, 2019) => 217,438 tonnes sludge

7-8 % of feed used (actual figures 2024) => 148,253 tonnes sludge

(f) Phosphorous content appr. 1% in feed, 2% in faeces.

Assuming 1,5 % P in sludge and 10 % collected:

2,000,000x0,10x0,015=3 000 tons P
(feed) x (collected) x (P content) = Potential

References: (d) -(f): Nofima Rapport 23/2021, Turid Synngve Aas
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Value chain today

A. Collection: TRL. How to measure. What is possible - resource use?
B. Seatransport: Increased cost, immature market and pricing

C. Processing: Low resource efficiency/ low TRL/ hardly established

D. End-product: Rarely defined, low price, low efficiency (loss, emissions)

Maturity, readiness levels
Lack of value chain optimisation and business models, no owner

? % $ efficiency poor
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Hvor gar veien?

Verdikjeder?
Biogass
Gjgdsel fra slam

Pyrolyse
HTC

Mikroalger
For til bgrstemark

For til innsekter

Annet (biometanol, hydrogen, sement...)

Hva avgjgr?

» TRL-niva?

» Marked sluttprodukt?

» Helhetlig utnyttelse?

» Regulatoriske barrierer?
» Ressurseffektivitet?

» Lgnnsom verdikjede?

» ...0og mange fler
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Hvor gar veien?

Mest aktuelle:
Biogass Hva avgjgr?
Gjgdsel fra slam » TRL-niva?

» Marked sluttprodukt?
Pyrolyse » Helhetlig utnyttelse?

» Regulatoriske barrierer?
For til bgrstemark » Ressurseffektivitet?
For til innsekter » Lgnnsom verdikjede?

» ...og mange fler

Annet (biometanol, hydrogen, sement)

Verdikjeder?
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Rapoort: Risk and Opportunities in the
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Optimisme?
* Beredskap

» Ravaretilgang
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Monakko/Vest-
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Global Phosphate Rock

* Hgy aktivitet FoUol
* Myndigheter i dialog

f L L Takk for oppmerksomheten ©
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* Veien videre:

. Vi gnsker a fortsette kartl_eggingen for a se utviklingen videre. Vi tror disse
tallene har verdi i en realistisk debatt om oppsamling av slam nasjonalt.

Dette forutsetter at naeringen har gnske om dette.
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