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Sustain-a-bite project

Sustain-a-Bite has the ambition to develop innovative, affordable, raw material,
energy and water efficient minimal processing solutions for nutrient-rich plant-
based ingredient and food production, propelling both health and sustainability.

sustainabite
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Aim of the study

Provide an early overall assessment of potential ingredients for the future novel
food prototypes;

Dimensions covered:

- Environmental (carbon footprint, energy demand, water use);

TECHNOLOGY
ECONOMIC

- Techno-economic (€/kg ingredient, availability index);

- Nutritional (protein, micronutrient index, fiber).

Final goal: support the selection of promising processing routes for future prototypes
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PROMETHEE Method

Science of the Total Environment 946 (2024) 174235

1
Screening of the methods and
scientific articles.

Contents lists available at ScienceDirect

Science of the Total Environment

o S
ELSEVIER

- Review 4.)

journal homepage: www elsevier.com/locate/scitotenv

A d . . Multi-Criteria Decision Analysis (MCDA) for sustainability assessment in s
ccorai ng to . food sector. A systematic literature review on methods, indicators and tools
® G Oal ; Giulio Ferla®", Benedetta Mura®, Silvia Falasco®, Paola Caputo *, Agata Matarazzo °
o ° ° . Polmnmu‘iw._mDDepm'Dnmrf i Bl i and G i ing, Pizzza Leonardo da Vindd, 32, Milon 20133, Italy
[} Appl]cab]l]ty’ * Department of Economics and Business, University of Catania, Corso Jtalia, 55, 95129 Catoia, Jraly
° 1 N
CompleX]ty’ PRAOMETHEE II

* Previous study;

« Pairwise comparison of alternatives; 1 Normalize the decision matrix

» Flexible preference functions and
weighting;

» Clear outputs: positive / negative / 3 Calculate preference function
net flows, ranking.

2 Pairwise comparison of alternatives

4 Calculate aggregate preference function
' 5 Calculate outranking flows
6 Calculate Net outranking flows
PROMETHEE Method
7 Prioritization
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PROMETHEE Method

Science of the Totsl Environment 946 (2024) 174235
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Alt ern at.ives | 3 Science of the Total Environment
A _ B - C ELSEVIER journal homepage: www elsevier.com/locate/scitoteny
Indicator
C l '| m ate C h an ge Multi-Criteria Decision Analysis (MGDA) for sustainability assessment in S
. . food sector. A systematic literature review on methods, indicators and tools
Pairwaise

Giulio Ferla®", Benedetta Mura ®, Silvia Falasco®, Paola Caputo *, Agata Matarazzo

Comparison: :;wmadmﬁ:vgm,pep;n;of_ﬁé .'Bfﬂg © - ﬁr-sgsa-zgc@-m:,.l h}:ﬁm;eonm—dodﬂind,az:mm:msafmb«
A<B<C gl Preference function:
How strong is the

— preference for A over PRAOMETHEE II

Aggregate B on each indicator
preference function: 1

How strong is the
preference for A

Normalize the decision matrix

over B overall Calculate outranking 2 Pairwise comparison of alternatives
flows
Average pos.lt.lve flOW VS 3 Calculate preference function
average negative flow
Calculate net 4 Calculate aggregate preference function
outranking flows: ,

P . t . fl 5 Calculate outranking flows

osi1tive TLow - . .

: Final ranking and
negatlve flOW : P : 6 Calculate Net outranking flows
prioritization &
7 Prioritization
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Indicators

Climate change (kg CO2 eq) ]
Energy demand (MJ/kg) J

Water use (L/kg) ] TECHNOLOGY

ECONOMIC

Cost (€/kg)
Techno-economic {

Availability index

Protein content (g/100g DM) ]

Micronutrient index J

Fibre content (/100g DM) |

Barley (BA)
Fava Bean (FA)

Germination + Fermentation
Germination only

Chickpea (CH) / Fermentation only (1,2,3)
Apple pomaces (AP) >

Carrot pomaces (CA) Acid fermentation + drying
Tomato pomaces (TO) >

Pea Protein Isolate (PPI) > Benchmark
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Indicators values

Environmental dimension Techno-economic dimension Nutritional dimension
. Total Mi trient Fib
Ingredient | Climate_change ° dzr:::;gy Water_use Cost Availability index Protein_content (::c;'og: ;:;1 > conl1t::1t dry
Acronym kg CO, eq/k I/k €/k 100g DM » =S SR weight
y (kg CO, eq/kg) (MI/kg) (I/kg) (€/kg) (g/100g DM) index (2/100g DM) g
BA1 2.33 36 268 0.7 0.7 16 0.8 29 94%
BA2 2.27 35 264 0.6 0.7 16 0.8 29 94%
BA3 1.98 35 266 0.6 0.7 16 0.8 29 94%
CH1 1.48 33 630 0.8 0.6 34 1.0 23 94%
CH2 1.44 33 627 0.7 0.6 34 1.0 23 94%
CH3 1.32 33 629 0.7 0.6 34 1.0 23 94%
FA1 1.23 24 5 1.0 0.6 28 0.8 21 94%
FA2 1.15 23 2 0.9 0.6 28 0.8 21 94%
FA3 1.12 24 4 0.8 0.6 28 0.8 21 94%
AP1 1.98 32 4 1.1 0.7 4 0.1 53 94%
CAl 2.00 33 7 1.3 0.6 8 0.1 35 94%
TO1 1.98 32 4 1.2 0.6 15 0.1 58,5 94%
PPI1 3.49 50 96 4.0 0.8 | 68 | 0.5 4 94%
Input from Procestimator Expert opinion, lab. analysis, literature
data
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Indicators values

Altern Positive Negativ

Rank NetFl

an ative Flow e Flow SLriow

1 FA3 0.41 0.18 0.23

2 FA2 0.40 Positive vs Negative Flow

3 FA1 0.38 °°

4 CH3 0.33

5 CH2 0.33 g

6 CH1 0.31 % - NegativeFlow
7 BA3 0.34 é Bl PositiveFiow
8 AP1 0.36 o2

9 BA2 0.31

10 BA1 0.30

11 TO1 0.26 °°

FA3 FA2 FA1 CH3 CH2 CH1| BA3 AP1 BA2 |BA1 TO1 CA1 PP
12 CA1 0.29
13 PPI1 0.37 0.63 -0.25
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Results
A1 Avai« ’)’/, "'limk',a'e,chan g, Cost,
FW Medium postivie score in avility, cost 0 |Ererd ,atpm% otein

protein

Unicriterio

&
\/ ~ N
\ J and micronutrieiiw Micron

| | |

{ Medium negative score in Climate
change, energy, water use

1.0

Climate
change, Cost,
Energy, Fibre

0.5 —
Criterion

Climate_change
Energy_demand

Water_use

0.0 ! Cost
Availability

Protein

Net Flow by Criterion

Micronutrients
Fiber

-0.5

-1.0

BA1 BA2 BA3 CH1 CH2 CH3 FA1 FA2 FA3 AP1 CA1 TO1 PPI
Alternative
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Discussion and conclusions

Fava bean showed the best overall performance - environmental indicators and good
trade-off

All alternatives performed better than PPl - PPl showed very high net flows for
availability and protein content, but low score in other indicators

Apple pomace showed intermediate performance > characterized by low cost, higher
fiber content, and good water-use performance.

o® \Vt@: \

-' @‘ ® o d

Other considerations \; bg

Allocation sensitivity: Economic allocation for pomaces;

Strengths: Integrated view across environment, techno-economics and nutrition;
Limitations: Need for robustness checks (allocation, weights, thresholds), user choices;
Next steps: Refine datasets, sensitivity analysis, other flow scheme. -

2

My first time with PROMETHEE, any suggestion are welcome ©

| thought it was simpler, but actually there is some complexity behind.
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