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A Uppfylla fiskens naringsbehov!

Protein (aminosyror)

Fett (energi och essentiella fettsyror)
Mineraler

Vitaminer

Evi annatd

A Ge en hdg tillvaxt och god hélsa.

RISE aq Research Institutes of Sweden
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11T EEGEAg A
A Skall det vara billigt/konkurrenskraftigt

A Resultera i minimal miljobelastning
I Klimat
i Overgodning

I Biodiversitet, etc.
A Generera en god slutprodukt

A Vara anpassat till odlingssystemet

RISE aq Research Institutes of Sweden

N
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Olika arters naringsbehov

A Laxfiskar & andrakarnivora arter
i Hogre proteinbehov
i Kansligare for komplexa kolhydrater ochantinutri . Faktorer
i Behov av omega3, men gynnar ocksa konsumenten

A Omnivora arter
I Lagre proteinbehov
I Kan ata mer kolhydrater och fiber

RISE aq Research Institutes of Sweden

N
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ENERGIFORBRUKNING, LAXUPPFODNING (USA)

Energy fo Provide Grow-Out Site Infrastructure
1%

Direct Energy Inputs to Smolt Production
3%

Allt annat 10%

Direct Energy Inputs to
Adult Transport
3%

Direct Energy Inputs to
Grow-0ut Operations
3%

G——— Foder 90%

Total Energy to Provide Feed
0%

Sources Tyedmers, P., Pelletier, N., & Ayer, N. (2007). Biophysical sustainability and approaches to marine aquaculture
development policy in the United States.A report to the Marine Aquaculture Task Force, Takoma, Park, MD
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Koldioxidavtryck per kg foderingrediens
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Landbaserade ravaror {

_—

Marina rdvaror —

Modifierad fran: Aas et al. (2019)Utilisation of feed resources in production of Atlantic salmon almasalar) in Norway
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20
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24.0

> Laxfoder idag mer landbaserat

- i 3.7 4.0
22.2
Micro ingredients
35.5 M Carbohydrate sources
311 36.7 M Plant oils
36.7 )
40.3 Plant protein sources
Marine oils
16.6
¥ Marine protein sources
11.2 10.9
I 104
2000 2010 2012 2013 2016

1390
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Foderutveckling for lax: fran fiskmjol till soja

70 % minskning av fiskmjol och olja mellan 1990 och 201» Minskat beroende av vild fisk

100% A

90% A
B microingredients

80% -
M starch

70% A
M plant oil 60% -
[ plant protein 50% -
O marine oil 40%
M marine protein 30% -

20% -

10% A

0% -

Ingredient sources (% of the feed) 1990-2013

1.0

MEN

Hogre klimatpaverkan for lax

2.0 2.2 3.1 3.7
222 I

355 — Vegetabiliska ingredienser
31.1 36.7 36.7

16.6

8 1 10.9

I l l Marina ingredienser

2000 2010 2012 2013

Ytrestayl, T.Aas, T. S., &sgard, T. (2015) Utilisation of feed resources in production of Atlantic salmon (Salmaalar) in Norway
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Kluriga fragor:

A Ar fiskmjol och golja per definition ohallbart?
A Vegetabiliska ravaror alltid hallbara?
A Ar soja OK om den &r certifierad??

A Ar restravaror per definition alltid hallbara?

Svar: Nej!

(2]



THavet tal i nte att vi fiskar mer wvild fisk
ravaror. Skrettingh ar ut veckl|l at ett ant al alternativ s
fortsatt klara att producera fiskfoder. Men det hade varit daliga nyheter for regnskogen om

vi som satter hotéga krav hade foOorsvunni't ra

Intrafish 21 sept 2020 EI u



Alternativa foderravaror

A Algolja, mikroalger

A Insektsmijol

A Makroalger

A Singlecell protein (mikroorganismer odlade pa reststrommar)
A Musslor

A Akerbona

A Biprodukter fran jordbruket (=alternativa???)

A ..med mera!

(2]
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Att ga fran fiskolja till

current practice
wild catch fish*
2.0 kg

using our algal oil
less wild catch fish*
<< 1.0 kg

X
X
using our algal oil
no wild catch fish*
0.0 kg

* Forage Fish Dependency Ratio (FFDR) | timmings excluded

algolja A

A
&

AN
®
%

E>

FESH
MEAL
FESH

AL

>

E>

©
©

&

farmed salmon
1.0 kg

farmed salmon
1.0 kg

farmed salmon
1.0 kg

Henk Bosch' | Aurelie Wojciechowski? | Michael Binder® | Friederike Ziegler*

Contact: Henk.Bosch@dsm.com

Poster presenterad av DSM vid SETAC 2017
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...kraver mindre fisk,

Sea surface dependency
m*a { ton salmon live weight

I—-l!d“
305.229

I—-'I 0%

169.690

commerclal  zero FO dist zaro FO
raference diet zero FM diet

[ a]

The sea surface required For this
photosynthesis

Overfishing

kg fish owerfished | ton salmon live weight

E 308
2
0
commerclal  zers FO dist zare FO
raferenca diet zaro FM dist

The amount of Fish From overfished
species used in the diet

LCA avalgolja dar RISE har deltagit i extern granskningspanel

men Okar klimatavtrycket

Global Warming Potential
kg CiO4e [ fon salmon llve welght

)
H
g
]
3
5
A
g
2

commercial  zerc FO diet Zero FO
refarance dist zaro FM diet

Agricultural Land Occupation
mal ton salman live weight

E +25%—r +29% —3
-; 3 534 3,635
£ zs10
:
£
commercial  zero FO dist zera FO

reference dist zarge FM dist




Single cell protein fran reststrommar fran
skogsindustri

VS

« 20 % lower energy demand + 50 % lower climate change
« 30 % lower land use
« 15 % lower acidification
« 30 % lower eutrophication

Bergman 2020 Novel fish feed basedon single cell protein from side streams evaluated by Life Cycle Assessment
(MScthesis RISE/G6teborgs Universitet)
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Soya
Gras
Tare, dyrket
Troevirke, overskudd
Sma rooplankton, fangst
Mesopelagisk fisk, fangst
Nordlig krill, fangst
Rauddte, fangst
Pelagisk fisk, fangst
2 2 Restrdstoff fra...
Available raw materials Malm, restprodukt
Stortare, hostet
(|Og tonS) Mikroorganismer, dyrket
insektiarver, dyrket
Barndler og lov, hestet
Fjorfe, restristoff
Muslinger og skjell, dyrket
Norske protein og oljevekster
Tunikater, dyrket
Grisetang, hostet
Mikroalger, dyrket
Griseblod fra slakting

® Pot. uttak | 2050 (log tonn)
Borstemark, dyrket - : e ' ;'_M“,“o‘ tonn)

Gammaridaer, dyrket
6 7




Soyaproteinkonsentrat
Send zooplankton, fangst
Mesopelagisk fisk, fangst
Trevitke >sulder->ferm SN
Grasprotein :
Raudite, fangst =5
Nordlig krill, fangst
Pelagisk fisk, fangst
Tare, dyrket
Availab“ity Of Restristoff fra sjpmatindustrien

. Mikroorg. Ferm. Encelle ol 2 g
protein and i ivnaes 5% av proteinbehov
EPA/DHA in 2050  Morse potencx ol e ey
Insektiarver, dyrket
(log tonn) Barnlor og iev, hestet
Fjorfe, restristoff
Mikroalger, dyrket
Muslinger og skjell, dyrket
Stortare, hastet =====
Grrseblod fra slakting  ——————————ry
Tunikater, dyrket e
Grisetang, hpstet : :| WEPA og DHA (log tonn)
e, ket B || | mProtei fog toon

0 1 2
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Industry

RISE aq Research Institutes of Sweden

Upscaling needed

Future possibilities

Sintef, 2020



Svensk foderproduktion?

s
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https://youtu.be/JckTPRS-tm8

Checklista hallbar foderravara

\/ Ej beroende av intensivt foder

V' Ej beroende av energiintensivt odlingssystem/fiske
V' Den energi som anvands ar férnybar

V Hogt utbyte

V Hogt naringsinnehall, sarskilt av kritiska amnen

V' Produktionen ej begransad, dvs kan skalas upp

V God smaltbarhet och positiva halsoeffekter pa fisken

V Goda tekniska egenskaper (gar atextrudera)

N



FOorutom ravaror da?

A Smaltbarhet

A Proteinkvalitet

A Energiinnehall

A Energi:protein

A Smaklighet

A Fysiskaegenskaper

A Fytas eller andra enzymer

23 RISE q Research Institutes of Sweden

Feed supplied

Feed losses
POC, PON, POP

N\

Settle out in seafloor
POC, PON, POP

| Fecal POC, PON, POP

Resuspended
DOC, DON, DOP

Sea surface

Water column

Respiration CO,
or excretion DIN, DIP

}

Dissolve in water column

Sea floor surface

Fig. 1. The flow and fate of nutrient components from a salmon cage system. Dissolved inorganic nitrogen and phosphorus
(DIN and DIP, respectively) are released through excretion, and inorganic carbon (CO,) through respiration. Particulate or-
ganic C, N and P (POC, PON and POP, respectively) are released through defecation and feed loss. Dissolved organic C, N and

P (DOC, DON and DOP, respectively) are resuspended from faeces and feed particles

HL.
SE



Okad 6verlevnad

Winter et al (2019)

"Gkt dodelighet og redusert tilvekst pa grunn av
lakselus og sykdommer har bidratt til gkning i
klimagassutslippene fra lakseprodukter de siste

arene"

24  RISE q Research Institutes of Sweden

Y SINTEF

Greenhouse gas emissions
of Norwegian seafood
products in 2017
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