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Suggest changes in farm systems management and/or the introduction of innovative
technologies at farm level able to get “solutions” for C, N, P closing loops, including GHG
emission reduction.

NUTRI2CYCLE

Figure 1. Triangle model for reconnecting nutrient and carbon flows between conventional agro-pillars 

Figure 1.1. 12 participating countries AND 
outreach strategy for other EU member 
states. 
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Figure 2. The NUTRI2CYCLE approach for more efficient nutrient loops at the local, regional and European scale 

HOW?
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MULTI-CRITERIA DECISION MAKING - MCDM 

Figure 3. Typical structure of the MCA. Source: [9]

“It has become more and more difficult to see the world around us in a one-dimensional way and to use only a 
single criterion when judging what we see” (Milan Zeleny 1982). 

BATS: “BEST AVAILABLE TECHNIQUES PROPOSED BY THE EU COMMISSION”, 
BREF: BAT REFERENCE DOCUMENTS. Source [3]
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MCDM - Methods

Figure 4. Percentage distribution of MCDA methods by applications areas. Source: [7] 
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Table 1.  Main working characteristics of different common models on MCDM. Source: [2] 

MCDM - METHODS
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Multi criteria decision 
making methods

Multi objective 
mathematical 

programming (MOMP)

− Multi objective linear 
programming 
− Goal programming
− Data envelopment 
analysis
-…

Multi attributive utility 
theory (MAUT)

− Multi attributive utility 
theory
− Analytic hierarchy 
process (AHP)/analytic 
network process (ANP)
− ...

Outranking

− Preference Ranking 
Organization Method for 
Enrichment Evaluation 
(PROMETHEE)
− Elimination and Choice 
Expressing Reality 
(ELECTRE)

Non-classical approaches

− Fuzzy set theory
− Grey relational analysis 
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LCA – LIFE CYCLE ASSESSMENT 

• “FROM CRADLE TO GRAVE”
• Considers all the processes that

have permitted to obtain a
specific product, and all the
processes concerning the
extraction, treatment and by-
products disposal of the raw
materials needed.

• Quantitative methodology
• Standardized ISO 14040/44
• Intended for comparison and not

absolute evaluation.

Figure 4. Standard methodology framework for LCA set by ISO14040. Source: [11]



Objetives (Goal)

MCDM

Review Criteria 
Selection

Assign thresholds

Allocate Weights

Obtaining 
sustainability 

indicators

Preference 
modelling 
(Method)

Build 
performance 
matrix/model

MCDM/Execution 
modell

Normalization of 
indicators

Comparison and  
selection of the 

best alternatives

Sensitivity 
Analysis

Decision making 
Satisfactory?

SET Technologies 
(solutions)

Cluster solutions -
Modeling

Gathering info. & 
data

Coupling  LCA + 
MCDM

LCA Selection of cases
Inventory data 

(Ecoinvent - field 
data)

Impact 
assessment and 

evaluation of 
potential EI

Results and 
interpretation
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GENERAL METHODOLOGY FOR ASSESSING AND RANKING TECHNOLOGICAL SOLUTIONS UNDER MCDM

Year

1 2

Key stages

Optional

No
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1. Innovative management systems, tools &
practices for optimized nutrient and GHG
management in animal husbandry

2. Innovative soil, fertilization & crop
management systems & practices for
enhanced N, P efficiency and increased soil
OC content

3. Tools, techniques & systems for higher-
precision fertilization

4. Bio based fertilizers (N, P) and soil enhancers
(OC) from agro-residues

5. Novel animal feeds produced from agro-
residues

RESEARCH LINES

SUB-RESEARCH LINES

76 45 24

SOLUTIONS

1 10 6

2 4 2

3 7 5

4 18 6

5 6 5

A – Shortlist; Set of technological Innovations
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B - Modelling: Case; Manure and slurry management followed 
by field application

RL # Title Summary ST AD NR CS TRL

1 17 Crop farmer using a variety of manure and dairy processing residues to recycle 
and build soil C, N, P fertility

Recycling of nutrients from animal farmers and intensive grain users such as poultry to cropping land. Additionally 
use of dairy processing residues in a crop system.

X X 6

1 71 Practices for increasing soil organic matter content in Dutch soils For the arable sector: improved crop rotation, minimum tillage, additional application of organic matter (e.g. 
compost). For the dairy sector: maintaining permanent grassland, maize sown in strips in grassland, and species rich 
grassland.

X X 7

4 8 Acid leaching of P from organic agro-residues in order to produce OM-rich soil 
enhancers and P-fertilizers 

Slurry acidification using inorganic acids. Focus is on decoupling of C and P from waste streams (reduce P in solids). X X 6

4 11 Recycling fibres of manure as organic bedding material for dairy cows Separation of solid-liquid fractions. Liquids are used for fertilisation. Solids are used for bedding material and later 
as fertiliser/soil enhancer.

X X 6

4 7 Acidification as a tool to reduce ammonia emission from manure (storage) Slurry acidification using inorganic acids. X X 4

4 19 Slurry bioacidification using org. waste products to reduce NH3 volatilisation 
and increase fertiliser value 

Bioacidification by addition of organic carbohydrates. X X 5

ST: Slurry-Manure treatment
AD: Anaerobic digestion
NR: Nutrient Recovery
CS: Cropping system
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C - Criteria selection

Indicators (minimum set)
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FUTURE PERSPECTIVES

• Quality and consolidation of data collected from the technologies.

• Immersive work with subtask leaders of each research line in the way of setting up
particular criteria proper and reachable of the group of technologies of each RL.

• The selected model for the multi-criteria evaluation for processing the data is still under
consideration due to the offer of other sizeable and robust methods found in recent
studies and from the feedback of internal experts as well.

• The thresholds have not been defined, what can be a reference point, because a standard
value is very subjective to different points of view or judge of each expertise in the area
in regard.
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Thank you very much for your attention


