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oroject was Work Package n.4
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economic sustainability
assessment studies

(e) https://www.projecthub360.com/



https://www.projecthub360.com/

PROVECT Mg

COFUND

Outline

1. System Boundaries
2. Functional Unit & Technical unit

3. Products & Production Complexity: addressing hot spofts
4. Scope Differences and decision making
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Life Cycle Assessment and
Waste Management

...LCA is an essential tool for consideration of both the direct and le GO(?' foan SCOPe _
indirect impacts of waste management technologies and policies SHnNIfon

(Thorneloe et al., 2002; 2005; WRAP, 2006).
Climate Change 2007: Working Group III: Mitigation of Climate Change 1

2. Inventory analysis _
The use of LCA in order to analyze waste management systems

appeared for the first time in the early 1990s. t

LCA Framework

4. Interpretation

T. Christensen, Solid waste technology and management. John Wiley & Sons, (2011)

Quantification of

LCA as a tool plays an important role =| the environmential
Impacts that derive

from the system

3. Impact Assessment ”

- J
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Linear vs. circular models
Functional System & System boundaries
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Conventional systems

Raw materials Commercial Aquaculture
from fish feed
technosphere production sector

Biogas

LineC"' SYSi'em | production

Waste collection P 1

Agriculture

sector

& management

1 Linear vs. circular models - Functional System & System boundaries
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Sidesitream - Circular system
Sidestream fish Aquaculture
Biomass rearing feed
| ‘ production | ‘ sector

Biogas
production

Agriculture

sector

Sidestreams &
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1 Linear vs. circular models -Functional System & System boundaries
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Sidestream Sectors

Aquaculture Sludge

Synoptics

Low trophic
aquatic species-
Biomass

(Uneaten fish

Primary feed
phase

feeds+faecal
particles)

Biogas Residuals
(Digestate)

Agriculture
Sidestream
(vegetable green,
fruit pulp,bark)

A

Liquid Phase
—>
Gammarid

High value feed ..
. . Applications
ingredients
Aquafeeds
P Pigments (AstaxanthirD

Live feeds and
ive feeds an

> Polychaete
worms

formulated feeds (Fish
/ ID culture and shrimp

'Gtty acids (w3 LC-PUF culture)

Nutritious Aquatic
Biomass

A

HORIZON 2020

1 Linear vs. circular models -Functional System & System boundaries
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Polychaetes : -
production stabilization Developing 4 _ o
(Acquaculture Feeding Trials
I' AR Processing 5 5
Biogas)

Pathway No.1

]

Pathway No 2

Polychaetes : o
production Stabilization Developing 2

(Acquaculture different diets for Feeding Trials
(Acquaculture, Processing shrim brood stock.
Biogas)

Gammardae

production

(Agriculture,
Acquaculture,

Biogas) -
= Developing 6 . .
different diets for Feequ Trials

P[jl‘:,f‘["h'-le‘tel: Shnmp post-larvae -

production
(Acquaculture,

Biogas)

Pathway No 3

Pathways to circularity

Bacteria Developing 5

de UI:tiD n Stabilization _ __'I = CIFII hiz le 3 -
-"ﬁ-f*c R—— 1 dn‘rerent ch ets for Feedlng Trials
AL é;i[;c;q..—,*l : Processing Trout juvenile

Pathway No .4
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?) Technical and functional units
Pathway #1: from polycaetes to seabass juveniles

& Pathway #3: from polychaetes & gammarids to
shrimps post larvae to sealbass juveniles
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Pathway #1: from polycaetes to seabass juveniles

100%
90%
80%
[

Technical
. 60%
unit so0%
100kg diet)
( g dief)
20%
10%
0%

Abiotic Abiotic Acidification Eutrophication  Fresh water Global warming Human toxicity Marine aquatic Ozone layer Photochemical  Terrestrial

depletion  depletion (fossil aquatic ecotox.  (GWP100a) ecotoxicity  depletion (ODP)  oxidation ecotoxicity

fuels)

mFM mPM25 mPM5 mPMI10
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Pathway #1: from polycaetes to seabass juveniles

100%

90%

. 80%

Functional

* 60%

uhit o

40%

(referred ;

30%

to % N- 20%

o 10%

retention .
° ° Abt Abot Acidificatio Eutrophication Feshwt GIwamgHm n tox tyM qt Ozo Photo hm al Trrestnal
efficiency) otin dpin o o oo

EFM mPM25 mPM5 mPM10
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Looking for

100% @22 .,

indications to

L 3
95% "'_"-

obtain optimal
diet formulation I

ERPI<ICs>

85%

y=0.0009x57O.Ollix5+0.00iix+l| '-,_ y

80% ]
Title: "Towards sustainable aquaculture: Assessing polychaete meal (Alitta 7%
virens)as an effective fishmeal alternative in European seabass
(Dicentrarchuslabrax) diets.” 70%
Authors: Monteiro, M.; Costa, R.S.; Sousa, V.; Marques, A.; Sa’, T.; Thoresen, L.; 0 2.5 5 7.5 10 12.5
Aldaghi, S.A.; Costamagna,M.; Perucca, M.; Kousoulaki, K.; Valente, L.M.P,, Weight percentage of diet formulation substituted by PM
Journal: Aquaculture, Volume 579, 2024, 740257, ISSN 0044-8486. @ FU (N retention efficiency, % DN) eTU

Link: https://doi.org/10.1016/j.aquaculture.2023.740257



https://doi.org/10.1016/j.aquaculture.2023.740257
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Pathway #3: from polychaetes & gammarids to shrimps
post larvae

100%
95%
90%
° 85%
Technical
OII. 75%
uni 0%
. 65%
(100kg diet)
55% I

50%

Abiotic Abiotic Acidification Eutrophication Fresh water Global warming Human toxicity Marine aquatic  Ozone layer Photochemical — Terrestrial

depletion depletion aquatic ecotox.  (GWP100a) ecotoxicity depletion oxidation ecotoxicity

(Fossil fuels) (0DP)
M plant-based diet M fish meal based diet m 2% Krill meal

B 2% Gammarid meal (G. locusta) B 2% Gammarid meal (G. pulex) ™ 2% Polychaete meal




HORIZON 2020

PRCYJECT

HUB360

COFUND

Pathway #3: from polychaetes & gammarids to shrimps
post larvae

100%
95%
90%
o 85%
Functional o
unit
70%
(referred to
60%
FCR & growth = = | |
50%
d d '|'Q ) depletion  depletion (sl T quaticacotox. | (oWb1008) T N catouity - depletion (0DP) | ostdation . ecotexicty
fuels)
M plant-based diet B fish meal based diet m 2% Krill meal
B 2% Gammarid meal (G. locusta) B 2% Gammarid meal (G. pulex) M 2% Polychaete meal
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Production pathway #4: from bacteria to
trout juvenile (through Astanxanthin)
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Glycerol stock Preculture (50 ml LB Preculture (3x °
Norway (constantly -80 °C) 1% Glucose) 200 ml CGXII) B q C ‘I'e rl q

growth in the
reactor for
use in
Aquaculture
Feed Formula

Spray drying (whole

fermenter content
10. grinding of the 9. Storage of dried fermenter content)

dried bacterial bacterial biomass at room 8. Dried in thin layers
biomass temperature (in the dark) at60°C continuous
centrifugation

&

6. Phase separation
5 product option: n (at 4°C via

C.2 sedimentation +

11. Use for the 7. Solid phase afterwards
formulation of ) _ Freeze-drying bacterial biomass concentration of the
aguaculture feeds Astaxanthin extraction solid phase via

(Norway) with methanol:acetone centrifugation)

Product and production complexity

m
HPLC analysis L.
i - Drum-drying C.3 Supercritical CO,
Bielefeld (methanol as liquid phase) .
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Bacteria growth for Astaxanthin and dried biomass

100%
I 1 1 1 1 °1 1

50%

Technical o
unit 0%

oo
== did il
|I| | il ..|| .||| | JHl ||||

0%
Abiotic Abiotic Acidification  Eutrophication  Freshwater Global warming Human toxicity Marine aquatic ~ Ozone layer  Photochemical  Terrestrial
depletion  depletion (fossil aquatic ecotox.  (GWP100a) ecotoxicity  depletion (ODP)  oxidation ecotoxicity
fuels)

B Control M Carophyll Pink W Panaferd M Haematococcus M Corybacterium
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Functional unit (referred to SalmoFan Card scores)

a) 7<20 W20 W21 W22 W23 W24 W25 W26
(@) 100%

(b) SalmoFan Card Scores in %
0 I T

15

5 2

25

62,5

90%
80%
70%
60%
50%
- ) 40%
125
Control Haematococcus  Corynebacterium  Panaferd Carophyll Pink 30%
Haemato - .
caccus 10% I I I I I
Coryneb ‘ 1 | | ull _-I _II _II - _II Il ™ | =il

; 0%
acterium Abiotic Abiotic Acidification  Eutrophication  Fresh water Global warming Human toxicity Marine aquatic  Ozone layer Photochemical — Terrestrial
depletion  depletion ({fossil aquatic ecotox.  (GWP100a) ecotoxicity  depletion (ODP)  oxidation ecotoxicity

Panaferd
anafe| fuels)

Carophyll
Pink

H Control B Carophyll Pink ®Panaferd ™ Haematococcus M Corybacterium
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' Addressing hot-spots: direct energy requirement

S —— S
From o
standard
energy mix to
renewable -
energy:

. -I-
impacts
° Abiotic Abiotic Acidification  Eutrophication  Freshwater Global warming Human toxicity Marine aquatic  Ozone layer  Photochemical Terrestrial
re d C .|. I O n depletion depletion (fossil aquatic ecotox.  (GWP100a) ecotoxicity  depletion (ODP) oxidation ecotoxicity
| ' fuels)

B Carophyll Pink B Corybacterium

Title: "Life Cycle Assessment of Bacterial, Algal, and Synthetic Approaches for Astaxanthin Production at a Laboratory Scale: Comparative Environmental Analysis and Sensitivity of Energy
Sources” Authors: Aldaghi, S.A.; Ubais, R.; Schmitt, I.; Wendisch, V.F.; Costamagna, M.; Perucca, M.
Journal: Processes 2023, 11, 2911. Link: https://doi.org/10.3390/pr11102911



https://doi.org/10.3390/pr11102911
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4 Scope differences
Pathway #2: from polychaetes
to shrimps broodstock
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Pathway #2: from polychaetes to shrimps broodstock

Scope: o
Addressing
Climate o
change 0%
.= ‘ | | I
a broader

Abot cation  Eutrophicatio Feshw Global warming quatic Ozone layer Photo hm al  Ter st al

de pI de pI {f sil {GWPlOO ) | ecotox '| city depletion (ODP)  oxidation ~  ecotoxicit

environmental
profile

B Nofimas diet MW Commercial diet (squid and mollusks)
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Takeaways

1. System Boundaries: to be carefully set when comparing circular
and linear systems

2. Functional Unit & Technical unit: substantial differences are
found; functionality must be addressed in order to avoid
misinterpretations and getfing misleading indications

3. Products & Production Complexity: addressing hot spots is
necessary to address relevant improvement poinfts

4. Scope differences and decision making: the comparative
picture is not always trivial, and it may strongly depend on goadl
and scope definitions. Multiple indicators for a broader
perspective should be addressed
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