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Phases of LCA
According to ISO 14040 standard, LCA Analysis
has to go through four phases:

• Goal and scope Definition

• inventory analysis

• impact assessment

• interpretation

We focus on inventory analysis and impact assess-
ment because they are more technical.
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Life Cycle Inventory (LCI)
Unit process

A product system is made up of linked unit processes.
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LCI biosphere and technosphere Task 1.2
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Life Cycke Impact Assessment (LCIA)

• LCIA uses impact assessment methods.
• An assessment method links environmental flows to im-

pact categories via characterization factors (CFs)
• Developed by institutions and researchers
• There are many assessment methods.
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ECOWHEATALY LCA

• Thecnosphere modeling: modeling wheat pro-
duction process (identification of inputs and
outputs according to data available in RICA)

• find third party LCI datasets for inputs
• choose LCA software; implement wheat pro-

duction process; adapt third party LCI datasets
• perform LCI for wheat production
• choose impact categories and methods
• perform LCIA
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RICA data

Inputs of the wheat production process:

• Time of machinery use
• quantity of fertilizers
• quantity of pesticides

Task 1.2
Intro to LCA

LCI
•

LCIA
ECOWHEATALY LCA

RICA data
machinery
••
fertilizers
•••
pesticides
•••

Software
Example

process coding
computation
results

To dos
LCI datasets
methods



slide 7 of 25
ECOWHEATALY task 1.2 - Life Cycle Assessment (LCA) setup

Machinery use third party process

• Federal LCA commons (set of freely available
databases)

• database: University of Washington Design
for Environment Laboratory/Field Crop Pro-
duction

• dataset: work; ag. tractors for growing
win wheat, 2014 fleet, all fuels; 100-175HP
- US-AR

• contents: inputs and outputs of a agriculture
tractor producing 1 megajoule of work em-
ployed in winter wheat production in Arizona.
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Machinery use (process adaptation)

• We have to interface our data to the process.
• The process unit of measure is megajoule, how-

ever, we have hours of machinery use in RICA.
• Conversion:

1 Megajoule = 0.2778 Chilowattora
Therefore, a 100kw tractor used for 1 hour
produces 100/0.2778=360megajoule

Task 1.2
Intro to LCA

LCI
•

LCIA
ECOWHEATALY LCA

RICA data
machinery
••
fertilizers
•••
pesticides
•••

Software
Example

process coding
computation
results

To dos
LCI datasets
methods



slide 10 of 25
ECOWHEATALY task 1.2 - Life Cycle Assessment (LCA) setup

Fertilizers in RICA Task 1.2
Intro to LCA

LCI
•

LCIA
ECOWHEATALY LCA

RICA data
machinery
••
fertilizers
•••
pesticides
•••

Software
Example

process coding
computation
results

To dos
LCI datasets
methods



slide 11 of 25
ECOWHEATALY task 1.2 - Life Cycle Assessment (LCA) setup

Fertilisers in the literature

• The environmental effects of such mineral fer-
tilizers is analyzed in Isherwood, K. F. (1998).
Mineral fertilizer use and the environment. Technical report, International Fertilizer Industry Association (IFA)
and United Nations Environment Program (UNEP). https://digitallibrary.un.org/ record/468871.

• Another interesting document concerning fer-
tilizers is IFA and Systemiq (2022).
Reducing emissions from fertilizers use. Technical report, Systemiq for International Fertilizer Industry Association (IFA).
https://www.systemiq.earth/reducing-emissions-fertilizer/.

The report points out that Nitrogen is the
main responsible of emissions (see in partic-
ular chapter 1, paragraphs 6-11).

• To integrate Nitrogen fertilization in our LCA
we build a process based on Brentrup et al
(2004).
Environmental impact assessment of agricultural production systems using the life cycle assessment (LCA) methodology II. The
application to N fertilizer use in winter wheat production systems. European Journal of Agronomy 20(3), 265–279.
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Fertilizers (inputs and outputs)

Also includes emissions from fertilizers production.
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Fertilizers (to do)

What about Phosphorous (P) and Potassium (K)?
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Pesticides in RICA

• toxicity classification: 0=Attenzione ma-
nipolare con prudenza; 1=Molto Tossico (T+);
2=Tossico (T); 3=Nocivo (Xn); 4=Irritante
(Xi).

• type: Acaricida; Anticrittogamico; Bagnante,
coadiuvante; Coadiuvante; Diserbante; Fitore-
golatore; Geodisinfestante; Insetticida; Mol-
luschicida, nematocida, rodenticida.

• applied quantity per hectare.
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Problem with pesticides in RICA and
solution

Problem: Impact assessment methods need the
applied active ingredients which is not included
in RICA.

Solution: Using type and toxicity level, retrieve
active ingredients from Fitogest®+ database

Task 1.2
Intro to LCA

LCI
•

LCIA
ECOWHEATALY LCA

RICA data
machinery
••
fertilizers
•••
pesticides
•••

Software
Example

process coding
computation
results

To dos
LCI datasets
methods



slide 17 of 25
ECOWHEATALY task 1.2 - Life Cycle Assessment (LCA) setup

Pesticides active ingredients
After performing the matching we obtain the fol-
lowing table:

This allows the application of the usetox Impact
assessment method.
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LCA software

• Among the availble LCA software we choose
Brightway: a freely available python lan-
guage software.

• It provides a Biosphere database, many im-
pact assessment methods, and functions to per-
form LCA analysis.
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Example

• Suppose we are analyzing a farm using 900
megajoule of tractor power and 50kg of nitro-
gen fertilizers for each hectare of wheat.

• We want to evaluate the impact on climate
change

• chosen method: IPCC 2013: climate change:
global warming potential (GWP100)

• output: kg of 𝐶𝑂2 equivalent
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Wheat production process coding

import bw2data as bd
#create a new dataset
ecowheatalydb = bd.Database("ecowheataly")
ecowheatalydb.register()
#create a new process called wheat_prod
wheat_prod=ecowheatalydb.new_activity(code='EcoWheataly production',

name="EcoWheataly production",unit = "ha")
#tell that 900 units of work of ag. tractor is used
wheat_prod.new_exchange(input=('usda_item','tractor_use'),amount=900,

unit="megajoule",type='technosphere').save()
#tell that 50 kg Nitrogen is used
wheat_prod.new_exchange(input=('bentrup_item','application of N fertilizer'),

amount=50,unit="kilogram",type='technosphere').save()
wheat_prod.save()
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Performing LCA computations

import bw2calc as bc
functional_unit={ecowheatalydb.get('EcoWheataly production'): 1}
method_key=('IPCC 2013', 'climate change', 'global warming potential (GWP100)')
lca=bc.LCA(functional_unit,method_key)
lca.lci()
lca.lcia()
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LCA results

functional unit
{'EcoWheataly production' (ha, GLO, None): 1}
Applied Brightway2 Method: IPCC 2013: climate change: global warming potential (GWP100)
that delivered 883.66 kg CO2-Eq

processes contribution

(701.51, 0.347, 'application of N fertilizer' (kilogram, None, 144 kg))
(182.14, 900.0, 'work; ag. tractors' (MJ, None, 1 megajoule))
(0.0, 1.0, 'EcoWheataly production' (ha, GLO, None))

EMISSION CONTRIBUTION #################################

(490.24, 1.8513, 'Dinitrogen monoxide' (kilogram, None, ('air',)))
(389.94, 389.94, 'Carbon dioxide, fossil' (kilogram, None, ('air',

'low population density, long-term')))
(2.0280, 0.4992, 'Carbon monoxide, fossil' (kilogram, None, ('air',

'low population density, long-term')))
(1.1975, 0.0045, 'Dinitrogen monoxide' (kilogram, None, ('air',

'low population density, long-term')))
(0.1276, 0.0044, 'Methane, non-fossil' (kilogram, None, ('air',)))
(0.0640, 0.0256, 'Carbon monoxide, non-fossil' (kilogram, None, ('air',)))
(0.0511, 0.0017, 'Methane, fossil' (kilogram, None, ('air',

'low population density, long-term')))
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To dos

• Couple pesticides active ingredients to bright-
way biosphere database and apply usetox.
Verify possibility to apply OLCA-pest.

• find more suitable third party LCI processes
• choose the set of impact categories and corre-

sponding assessment methods
• perform clustering on the set of impact indi-

cators
• building a web application where a farmer in-

puts machinery use, fertilizers and pesticides
quantities and obtains the impact indicators
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Find more suitable LCI databases

• Il progetto «Italian Life Cycle Inventory Database of Agri-
foods» (ILCIDAF), finanziato dal MUR (Progetto PRIN
2017), ha l’obiettivo di sviluppare una banca dati LCI
italiana dei prodotti agroalimentari più significativi.

From the presentation: Giacomo Falcone (Università di Reggio Calabria) meeting “Il contributo della
valutazione LCA nel settore agroalimentare” Milano, 5 dicembre 2022.
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Choose Methods
>>> len(bd.methods)
763
>>> for mt in bd.methods:
... print(mt)
...
('CML v4.8 2016 no LT', 'acidification no LT', 'acidification (incl. fate, average Europe total, A&B) no LT')
('CML v4.8 2016 no LT', 'climate change no LT', 'global warming potential (GWP100) no LT')
('CML v4.8 2016 no LT', 'ecotoxicity: freshwater no LT', 'freshwater aquatic ecotoxicity (FAETP inf) no LT')
('CML v4.8 2016 no LT', 'ecotoxicity: marine no LT', 'marine aquatic ecotoxicity (MAETP inf) no LT')
('CML v4.8 2016 no LT', 'ecotoxicity: terrestrial no LT', 'terrestrial ecotoxicity (TETP inf) no LT')
('CML v4.8 2016 no LT', 'energy resources: non-renewable no LT', 'abiotic depletion potential (ADP): fossil fuels no LT')
('CML v4.8 2016 no LT', 'eutrophication no LT', 'eutrophication (fate not incl.) no LT')
('CML v4.8 2016 no LT', 'human toxicity no LT', 'human toxicity (HTP inf) no LT')
('CML v4.8 2016 no LT', 'material resources: metals/minerals no LT', 'abiotic depletion potential (ADP): elements (ultimate reserves) no LT')
('CML v4.8 2016 no LT', 'ozone depletion no LT', 'ozone layer depletion (ODP steady state) no LT')
('CML v4.8 2016 no LT', 'photochemical oxidant formation no LT', 'photochemical oxidation (high NOx) no LT')
('CML v4.8 2016', 'acidification', 'acidification (incl. fate, average Europe total, A&B)')
('CML v4.8 2016', 'climate change', 'global warming potential (GWP100)')
('CML v4.8 2016', 'ecotoxicity: freshwater', 'freshwater aquatic ecotoxicity (FAETP inf)')
('CML v4.8 2016', 'ecotoxicity: marine', 'marine aquatic ecotoxicity (MAETP inf)')
('CML v4.8 2016', 'ecotoxicity: terrestrial', 'terrestrial ecotoxicity (TETP inf)')
('CML v4.8 2016', 'energy resources: non-renewable', 'abiotic depletion potential (ADP): fossil fuels')
('CML v4.8 2016', 'eutrophication', 'eutrophication (fate not incl.)')
('CML v4.8 2016', 'human toxicity', 'human toxicity (HTP inf)')
('CML v4.8 2016', 'material resources: metals/minerals', 'abiotic depletion potential (ADP): elements (ultimate reserves)')
('CML v4.8 2016', 'ozone depletion', 'ozone layer depletion (ODP steady state)')
('CML v4.8 2016', 'photochemical oxidant formation', 'photochemical oxidation (high NOx)')
('Crustal Scarcity Indicator 2020', 'material resources: metals/minerals', 'crustal scarcity potential (CSP)')
('Cumulative Energy Demand (CED)', 'energy resources: non-renewable', 'energy content (HHV)')
('Cumulative Energy Demand (CED)', 'energy resources: non-renewable, biomass', 'energy content (HHV)')
('Cumulative Energy Demand (CED)', 'energy resources: non-renewable, fossil', 'energy content (HHV)')
('Cumulative Energy Demand (CED)', 'energy resources: non-renewable, nuclear', 'energy content (HHV)')
('Cumulative Energy Demand (CED)', 'energy resources: renewable', 'energy content (HHV)')
('Cumulative Energy Demand (CED)', 'energy resources: renewable, biomass', 'energy content (HHV)')
('Cumulative Energy Demand (CED)', 'energy resources: renewable, geothermal', 'energy content (HHV)')
('Cumulative Energy Demand (CED)', 'energy resources: renewable, geothermal, solar, wind', 'energy content (HHV)')
('Cumulative Energy Demand (CED)', 'energy resources: renewable, solar', 'energy content (HHV)')
('Cumulative Energy Demand (CED)', 'energy resources: renewable, water', 'energy content (HHV)')
('Cumulative Energy Demand (CED)', 'energy resources: renewable, wind', 'energy content (HHV)')
('Cumulative Energy Demand (CED)', 'total', 'energy content (HHV)')
('Cumulative Exergy Demand (CExD)', 'energy resources: non-renewable', 'exergy content')
('Cumulative Exergy Demand (CExD)', 'energy resources: non-renewable, biomass', 'exergy content')
('Cumulative Exergy Demand (CExD)', 'energy resources: non-renewable, fossil', 'exergy content')
('Cumulative Exergy Demand (CExD)', 'energy resources: non-renewable, nuclear', 'exergy content')
('Cumulative Exergy Demand (CExD)', 'energy resources: renewable', 'exergy content')
('Cumulative Exergy Demand (CExD)', 'energy resources: renewable, biomass', 'exergy content')
('Cumulative Exergy Demand (CExD)', 'energy resources: renewable, solar', 'exergy content')
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