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Life Cycle assessment: what is it?

Life cycle assessment is a cradle-to-grave or cradle-
to-cradle analysis technique to assess environmental
iImpacts associated with all the stages of a product's
life, which is from raw material extraction through
materials processing, manufacture, distribution, and
use.

Raw materials
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Life Cycle assessment: what is it?

LCA evaluates all stages of a product’s life:

-all stages are interdependent, meaning that
decisions made at one point along the life cycle can
have consequences somewhere else

-the environmental impacts resulting from all stages in
the product life cycle is cumulative (often including
impacts that go beyond the boundaries of traditional
analyses)

LCA is a relative tool intended for comparison and not
absolute evaluation, thereby helping decision makers
compare all major environmental impact when choosing
between alternative courses of action (Curran, 2008)




Life Cycle assessment: what is it?

The LCA methodology was standardized through a
standard of the International Organization in 1997,
last revision of 2006 : ISO 14000
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Life Cycle assessment: example
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Improve sustainability trough:
-choice of raw material
-improve packaging

-reduce use of energy
-reduce use of water
-improve waste recycling



Life Cycle assessment: example from
scientific literature
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journal homepage: www.elsevier.com/locate/jclepro
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Solar Energy Materials & Solar Cells
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Life Cycle Assessment of an innovative recycling process for crystalline
silicon photovoltaic panels
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Life Cycle assessment: example from
scientific literature

Meat Science

journal homepage: www.elsevier.com/locate/meatsci
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Life Cycle assessment: attributional and
consequential

The two Life cycle assessment approaches are defined

(UNEP, 2011):

- attributional approach: system modelling approach in
which inputs and outputs are attributed to the functional
unit of a product system by linking and/or partitioning
the unit processes of the system according to a
normative rule.

» consequential approach: system modelling approach in
which activities in a product system are linked so that
activities are included in the product system to the
extent that they are expected to change as a
consequence of a change in demand for the functional
unit.




Life Cycle assessment: attributional and
consequential

attributional consequential

Figure: The conceptual difference between attributional and consequential LCA. The circles
represent the total global environmental exchanges. In the left circle, attributional LCA seeks to cut
out the piece with dotted lines that belongs to a specific human activity. In the right circle,
consequential LCA seeks to capture the change in environmental exchanges that occur as a

consequence of adding or removing a specific human activity. Source: (Weidema 2003).




Life Cycle assessment: attributional and
consequential

“Attributional” vs. “Consequential” LCA Approaches

Framing your question

What are the environmental
impacts of producing 1 litre of
bioethanol from wheat?

——

Attributional LCA
Looks at a single unit of production
Provides a snap shot of impacts
Attributes responsibility of emissions

Spot the
difference

What are the environmental
impacts of producing bioethanol
from wheat?

L

Consequential LCA
Looks at knock on effects
Considers changes in production levels
Considers interactions between markets

"
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Richter, 2016




Life Cycle assessment: the phases according to
EN ISO 14040

(/ Life-cycle assessment framework \

)
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Direct applications:
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Life Cycle assessment: the phases
according to EN ISO 14040 - modification
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LCA: stage 1

Stage 1: Goal and scope

They aims is to define how big a part of product life
cycle will be taken in assessment and to what end will
assessment be serving

Examples:

« quantify the potential environmental impact of rice
production;

« estimate the total global warming potential (GWP) of
milk and meat productions in Lombardy




LCA: stage 1

Stage 1: Goal and scope

Our example:

« quantify the environmental impact of cow
milk production

 Menozzi farm is the case study
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LCA: stage 2

Stage 2. Functional unit

* Itis the basis for calculation of LCA

 this may be a unit of material (e.g. a kg of steel of
given composition and quality), a unit of energy (e.g.
a KW hour of electricity), or a unit of service (e.g.
packaging one liter of milk)

« Example: live weight, carcass weight, protein content,
lipid content, essential aminoacids content...




LCA: stage 2

Stage 2. Functional unit
Our example:

Quantify the environmental impact of cow milk
production

 FU: 1 kg of fat and protein corrected milk (IDF,
2015)

1 kg FPCM = total milk* (0.2534+0.1226 * % fat + 0.776
* % protein)
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LCA: stage 3

Stage 3. Definition of system boundaries
Define the boundaries for which processes in the
products life cycle that is included in the LCA

Fig. 1 Flow diagram for System boundary
tomato production gystemina -~/ @ e eecececceeoeo
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Torrellas et al., 2012



LCA: system bundary of chicken meat production
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LCA: stage 3

Stage 3. Definition of system boundaries
Our example:

Quantify the environmental impact of cow milk
production
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Solution

T T T T : , T —------—-—-—-—-—- - = |
: v o : FUEL
ORGANIC 1!
I I !
| FERTILIIZATION L \ e ELECI(RICIT
|
\ [SOILTILLAGE® | | ! FEEDING —>< SLURR >' PURCHASE
! SEEDING ' | Y/ | DFEEDS
I | ' I
1
FUEL i CROP Ll BREEDING !
ELECTRICITY ! | MANAGEMENT - i
SEEDS  —> | I ' ! -
PESTICIDES l HARVEST & L MILKING MEAT
FERTILIZERS & | TRANSPORT o , :
: [ ! | MILK s
| STORAGE : | STORAGE e e
: | - :
I SILAGES & A I
, e — REPLACING I
' |l < ANIMALS :
ll_-'lglg _________ ! : ___________ Stable ,




LCA: system boundary for Grana Padano PDO

System boundary
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Fig. 2. System boundariy of the Grana Padano PDO production system.

Bava et al., 2018



LCA: system bundary problems

Sometimes define the system boundary is not easy:
how far back should we go?

R Solomone et al. / journal of Cleaner Production 140 (2017) 890—905 89
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LCA: stage 4

Stage 4. Allocation: how to share the impact among
product and co-products in multi-ouput processes

Co-product allocation is defined in the ISO standards on
LCA as “partitioning the input or output flows of a
process or a product system between the product
system under study and one or more other product
systems”

cheese
milk <
whey

At cheesefactory At mill

‘g




LCA: stage 4

Stage 4.1. Physical allocation

 |tis based on physical characteristics, such as mass, dry
mass, volume, energy content, and energy input
associated with each co-product

* It is useful only for similar products

Problem: evaluate the environmental impact of the transport of 100 cans of
beer. If the beer cans are transported together with other beverages, it is
possible to divide the burdens related to transport by the relative volume of
each type of beverage in the truck.




LCA: stage 4

Stage 4.2. Economic allocation

It is raccomanded method by ISO standard

« Share the impact among product and
secondary product based on real price and
relative mass

oil

soybean

100 kg soybean meal
80 kg
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LCA: stage 4

Stage 4.2. Economic allocation (IDF, 2015)
« Equation to calculate economic allocation of

AF___ = (XxA) / (XxA + YxB)

AF= allocation factor

X= kg of meal

A= price of meal €/kg

Y= kg of oil

B= price of oil €/kg

AF % = ((80%0.34)/(80*0.34 +1770.71))*100 = 69

soybean
100 kg (0.38 €/kg)

oil
17 kg (0.71 €/kg)

DIPARTIMENTO DI SCIENZE AGRARIE

TERRITORIO, AGROENERGIA
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LCA: stage 4

Stage 4.3. Biophysical allocation

* |tis based on underlying physical relationships
between the material flows of a system and its

products or functions

For milk production IDF (2015) suggest to consider
an equation based on the «use of feed energy by
dairy animals and physiological feed requirements of
the animals to produce milk and meat»




LCA: stage 4

Stage 4.3. Biophysical allocation

Example: milk production

A SRS ST

Dairy farm Meat from calves and culled

cows sold or dead

DIPARTIMENTO DI SCIENZE AGRARIE
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LCA: stage 4

Stage 4.3. Biophysical allocation

Our example:

Quantify the environmental impact of cow milk
production
kS
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LCA: stage 4

Stage 4.3. Biophysical allocation
Example: milk production (IDF, 2015)

AF_. =1-6.04 x BMR

Figure 10: Formula for the allocation of milk and meat

AF is the allocation factor for milk; BMR is the ratio MmeathmHk; M___. is the sum of live
weight of all animals sold (including bull calves and culled mature animals); and M__ is the
sum of milk sold corrected to 4% fat and 3.3% protein (FPCM)

.. | UNIVERSITA DEGLI STUDI DI MILANO
A | DIPARTIMENTO DI SCIENZE AGRARIE

E AMBIENTALI - PRODUZIONE,
TERRITORIO, AGROENERGIA



LCA: stage 4

Stage 4.4 Nutritive allocation

It is based on nutritive content of product and
co-products

% fat % protein
Grana Padano PDO before

. ripening 27 29.7

§ . Butter 83.4 0.8

g z¢

: ggg Whey 0.09 0.75

§ é%% Butter milk 0.6 3.2

§ §§ Cream 22 2.6

o




LCA stage 4: environmental impact of Grana
Padano cheese

» Allocation of cheese and coproducts: three different
methods based on dry matter content, economic or
nutritive value of cheese

Unit Fresh Whey Cream Butter Buttermilk

cheese
Dry matter content® * 61.0 6.0 290 820 90
Dry matter allocation % 379 130 17 10
factor ( DM_AII)
Market Price €ks 5.19° po4s 2017 334° 018
Economic allocation factor % 484 173 134 039
(ECON_AIl)
Fat content” & 270 0.6 220 83.4 0.6
Protein content® 3 2 075 260 0.80 3.20
Nutritive allocation factor % 840 194 280 068
(NUTR_AII)

* Dry matter contents from: fresh cheese and whey (personal communication ); cream
and buttermilk (Salvadon dal Prato, 2005); butter (CREA, 2016).

B Fat and protein contents: fresh cheese and whey (personal communication); cream
(Salvadori dal Prato, 2005); butter (CREA, 2016); buttermilk (Mucchetti and Neviani,
2006),

£ Cheese factory owner communication.

4 Clal (2017).
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Environmental impact of Grana Padano
cheese: results

Results

Environmental impacts of 1 kg of Grana Padano considenng different allocation methods.

Impact category Limit Allocation
DM_AIl  ECON_AII NUTR_AI
|l:|im;|1.E chanve ke 05 eg 103 16.9 152 I
Ozone depletion gCFC-11eg 000094 000154 0004
Particulate matter formation eMM25eq 5669 9312 8.406
Photochemical ozone formation kg NMVOC  0.023 0.037 0.03
eq
Terrestrial acdification molc H4+ eq 0.190 0312 028
Terrestrial eutrophication molcNeg  0.823 1.353 1.22
Freshwater eutrophication gPeg 0.820 1.341 1.21
Marine eutrophication gNeqg 63.25 104.0 93.87
Freshwaler ecoloxicity Clue 2920 48.0 433
Mineral, fossil & ren resource g 5b eq 0,065 0.11 0.096
depletion

Milk production was the most important contributor to all impact
categories: from 93.5% for freshwater eutrophication to 99.6% for
terrestrial eutrophication. For climate change, milk production
represented 95.6% of the total impact of cheese
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Carbon footprint of milk production change
considering different allocation methods

[y
r

(=]
[#e]

CF CO2 eq/kg FPCM
=

o
le)]

o
s

o
[

1.4 | | I
I —

ECON lTROGEN ID

:
-
g
z
3
a
aé
-
&

2 <
8o
=2
25
"=
20
=
SHel
5
Z
e

o

g.
g
.
2
a
%
=)
:
a




LCA: stage 4

To know more about allocation methods:

https.//www.pre-sustainability.com/news/finding-
your-way-in-allocation-methods-multifunctional-
processes-recycling
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LCA: stage 5

Stage 5. Inventory analysis

Inventory analysis gives a description of material and
energy flows within the product system and especially
its interaction with environment, consumed raw
materials, and emissions to the environment. All
Important processes and subsidiary energy and material
flows are described

More accurate the collection of inventory data,
more accurate the impact estimate will be



LCA: stage 5- Emissions

For calculation of emissions (CH,, NO,, NH,...) from
animals and manure:

-equation of IPCC

-equation of EEA

-other equations specially for enteric methane emission
based on feed intake and feed ration composition

IPCC considered three different levels of complexity

DIPARTIMENTO DI SCIENZE AGRARIE

E AMBIENTALI - PRODUZIONE,

TERRITORIO, AGROENERGIA
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LCA: stage 5- Emissions

Equation of IPCC

IPCC considered three different level of methodological
complexity

Tier 1 is the basic method

Tier 2 intermediate

Tier 3 the most demanding in terms of complexity and
data requirements

Tiers 2 and 3 are generally considered to be more
accurate on condition that adequate data are available
to develop, evaluate and apply a higher tier method




LCA: stage 5

Stage 5. Inventory analysis

Our example:

Quantify the potential environmental impact of cow
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LCA: stage 5 inventory analysis for milk
production

Input

« forage and crop production: land and yield

* manure and livestock management (type of housing,
bedding material)

« purchased feed: type and quantity (forages and raw
feed materials, compound feeds)

« external inputs fertilisers, pesticides

* energy and fuels consumption

e purchased animals

 transport of the inputs

Output

* milk

* meat

* energy




Inventory analysis for LCA of organic and
conventional milk production

Owerview inventory data used in inventory analysis

Element Computation method™

Included factors

References”

Of farm®  Purchased pesticides

Purchased artificial
fertilizer

Purchased concentrates O + LCl/kg concentrates

Purchased roughage and O * LCl/kg roughage

bedding material

Purchased animals

Purchased animal manure ¢ # LCl/kg manure
O # LCl/litre diesel

Contract work

On farm Use of diesel
Use of electricity

On/ofl Emissions of CHy

Emissions of N-O

O # LCl/kg active matter

(O += LCl/kg artificial fertilizer

() = LCl/animal

0 # LCl/litre diesel

() = LCI/kW h electricity
Use of gas 0+ LCl/m” gas

Use of water 0 * LCIl/m?* water

FFixed values animals
Emissions of N, and NO,  Iixed values animals’ and
spreading of fertilizer
Iixed values animals/soil
Leaching of NO; and PO, l'arm-gate balance and soil
surface balance

Production/
transport
Production/
transport

Crop cultivation*
Crop processing

Transport

Crop cultivation

Transport
Breeding®

Transport
Transport

Diesel use

Supply and use
Supply and use
Supply and use
Electricity supply

Enteric + manure
Stable/pasture/
deposit/spreading
Direct and indirect
Net N-leaching
factors

Inputs and outputs

Brand and Melman (1993)
Davis and Haglund (1999)

FAO (2002/2003), Cederberg (1998), CVB (2000)
Brand and Melman (1993), Cederberg (1998)
Cederberg (1998), Michaelis (1998). WPD (2003)
Dekkers (2001), LEI (2004), Koroneos et al. (2005)

Cederberg (1998), Michaclis (1998)

Tamminga et al. (2000), Ocnema et al. (2000)
Cederberg (1998), Michaelis (1998)

Brand and Melman (1993)

Brand and Melman (1993), Hanegraaf et al. (1996)

Michaelis (1998)

Michaclis (1998), EncrgieNed (2002), CertiQ) (2003)
Michaclis (1998)

Michaelis (1998), EncrgicNed (2002)

Schils et al. (2006)

Oecnema et al., 2000, Van Geel (2004), Van der Hock
(2002), Mosicr et al. (1998)

Mosier et al. (1998), Ocnema et al. (2000)

Schrader et al. (2005)

Van Lerdt and Fong (1998)

Thomassen et al., 2008



LCA: stage 5 inventory analysis for goat milk
production

Main inventory data of the studied farms.

variable Unit Mean 5D Min Max
Input
Dairy goats n 200 108 62 450
Straw purchased t DM/year  33.3 21.9 0O B0
Forages purchased t DM /year 80.1 1125 © 380
Concentrate feed tDM /year  78.7 753 D 330
purchased
Mineral fertiliser t/yvear 2.54 6.92 0 27
Diesel I/year 4993 4932 0 18,000
N LPG I/year 6125 2021 O BOOO
é i Electricity kWh,year 31,676 13,950 15,000 60,000
= 2 Dutput
E HE Milk sold kg FPCMY/ 138,506 81,088 28245 363971
B Es g year
e Individual milk sold kg FPCM/ 711 260 302 1144
2o year
5 * Fat % 3.85 D22 3.4 4.38
é tE Protein % 3.60 024 315 4.00
Meat sold kg/vear 2842 1496 540 5400

Zucali et al., 2020



LCA: stage 6

Stage 6. Impact assessement

“The life cycle impact assessement is the evaluation of
potential human health and environmental impacts of
the environmental resources and releases identified
during the inventory”

Environmental impact = consequences of pollution, e.g.
eutrophication and depletion of stratospheric ozone

The indicator of results are impact categories that
summerize and categorize the environmental impact

Characterization factors help to convert emission into
categories —— characterization



LCA: stage 6

Stage 6. Impact assessement example

Global warming potential (GWP): indicator of potential global
warming due to emissions of greenhouse gases to air

Unit of measure of GWP: kg CO, eq

100-Year Global Warming Potential

1 kg of substance GWP*

) (CO,-eq)

§ g Carbon Dioxide 1

g %E - Carbon Tetrachloride | 1400

g é%g CFC 12 10,900

25°¢ Chloroform 31

% §§§ Methane 23

E ,:E;% Methyl Bromide 3

N Nitrous ﬂxi:rl'é 298

1,1,1-Trichlorcethane | 146




LCA: stage 6

Stage 6. Impact assessement

Inventory parameters Impacts/ Indicators
Land (area, type..) Land use
Water use Water depletion
Seed Climate change

N, P, K fertilizer Human toxicity

Pesticide Energy balance

CH4, NOx, CO...

Cost-benefits...
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LCA: stage 6

Stage 6. Impact assessement example

Acidification AP, CML 2001 non- Hauschild & 1 kg ammonia = 1.88 kg SO3 eq.
potential baseline (fate not included), Wenzel

Version: January 2016. (1998) 1 kg nitrogen dioxide = 0.7 kg
(kg SOz eq.) S0Os3 eq.

Fiease notice the use of non-baseline

characterisation factors for 1 kg sulphur dioxide = 1 kg SO3 eq.

acidification potential.

Eutrophication EP, CML 2001 Heijungs et 1 kg phosphate = 1 kg PO4™ eq.
potential baseline (fate not al. (1992)

included), Version: January 1 kg ammonia = 0.35 kg kg

(kg POs> eq.) 2016. PO4° eq.

1 kg COD (to freshwater) = 0.022 kg
kg PO4* eq.

https://www.environdec.com/




LCA: stage 6

Stage 6. Impact assessement

There are different methods to calculate the impact
categories, each methods could give a different weight
to substance and could assume different categories

Software to calculate impact categories:
Simapro

Gabi

C calculator...

https://www.environdec.com/




Impact assessement

OFF-FARM ON-FARM

Acidification
potential: g SO, eq.

- NGlobal Warming Non renewable
-~ JPotential: kg CO, eq. energy use: MJ eq.

Eutrophication
potential: g PO*, eq.

Land use: m? Y




Methods implemented into Simapro Software

LS =i fidattica-agrI 9 Document [Muovo impos == o .
&) File Modifica Calcola Strumenti  Finestra Aiuto [~
N2 | HS| PRE|LPIEE|(E P sl &&

Generale ISet di parametri I Analizza aruppi I Qpzioni grafico I

MNome

| |

Commento

Funzione di calcolo

* Rete
' albera
C Anglizza
€ Confronta
' Analisi di incertezza
Metodo
1L.CD 2011 Midpoint V1,03
Prodotto Quantita fisica Unita di misura Progetto Commento
[Lca latte landri_2019 [1 kg |Landriane 2014 E13
&% Seleziona un metodo ed un set normalizzazione/pesa X
El-Metodi Nome /| versione |Progetto | A
i European CML-IA baseline 3.01 Methods '
Morth American CML-IA non-baseline 3.01 Methods
Ecological Scarcity 2013 100 Methods Visualizza
EDIP 2003 1.04 Methods
EPD {2008) - Modified: IPCC 2014 1,03 Landriane 2014 EL3 ligve
EFD {2008) - Modified: Nguyen T.L. 2012 - & Hiid Landriano 2014 EI3 Cancella
EPD (2013) 1.00 Methods
EPS 2000 207 Methods
IMPACT 2002+ 211 Methods
ReCiPe Endpoint (E) 1.10 Methods
ReCiPe Endpoint (H) 110 Methods
ReCiPe Endpoint (I) 110 Methods
ReCiPe Midpoint (E) 1.10 Methods
ReCiPe Midpoint (H) 1.10 Methods v
F Set Normalizzazione/Pesa / |
Calcola Chiudi
b2 nphn




LCA: stage 6

Stage 6. Impact assessement

Simapro
A video tutorial

https://www.youtube.com/watch?v=rV6pkNimP9k 2.49

https://www.youtube.com/watch?v=ruLO0laNNmWY 3
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Quantify the potential environmental impact
of cow milk production: create the project

&3 Ch\Users\didattica-agr19\Documents'SirmaPro\DatabaseMilano20120703\ Eulat; Landriano 2014 EI3 = x
File Modifica Calcola Strumenti  Finestra  Aiuto

g L& r2e|lples

ST TR T W

- Water ~ [tome © | Unita di misur | Progetto [Stato|

Wizard : LCA latte landri_2019 kg Landriano Nessu Nuova |
Obiettivo e ambito Lca carne landri_2019 ka Landriane Messu

: Modifica

Banche dati El- Elabarazioni
: - Agricultural Visualizza |
[ Aziende Life CRPA RE
[} Aziende LIFE Milano Copia

vohtagone deinpatto|
erretszone |

Interpretazione

driano_2019

- acquisto foragai_2019

- acquisto latte in polvere_2019

- acguisto materiali_2019

- aCquisto materie prime energetiche_21
- acquisto materie prime proteiche_201
- colture aziendali_201%

-emissioni stabulazione_2019

----- emissioni stoccaggio_2019

+- Lovati
- Mazzott
|- Monti
H
H
b

- Monti_2019
- Pesenti

; ]
H
P St Hitman > Filtro attivo I Fei™o Cancella | 2

| 65522 elementi | 0 elementi selezionato(i)

g0 0 O O O

[ lr.7.2.0 PhD



Quantify the potential environmental
impact of cow milk production: data entry

W Ch\Users\didattica-agri®Documents\SimaProtDatabaseMilanc20120703\Eulat; Landriano 2014 EI2 - [Modifica elaborazioni processe 'COLTURE TOTALI Landriano_2019'] — =
&% File Modifica Calcola Strumenti  Finestra  Ajuto - |5
Nee | H& P2 28 ST msannk| e
Documentazione  Input/Qutput IParametri I Descrizione del sistema I

Qutput noti & tecnosfera. Prodott e coprodotti il

Quantita fisica Unita di misura Quantita fisica % Allocazione Categoria Commento
i i} |Amour1t 100 %% Agricultural\Aziende LIFE Milano\,. . \colture aziendali_2019

Output noti a tecnosfera. Prodott evitati

Mome: Quantita fisica Unita di misura Distribuzicne SD*202%500  Min Max Commento

| Input

Input noti da natura {risorse)

IMome - - Sottocompartimento  Quantita fisica Unita di misura  Distribuzione SD#20 255D Min Max Commento

Input noti da tecnosfera (materiali/combustibili)

MNome Quantita fisica Unita di misuDistribuzione SD~20 275D Min Max Comme

silomais 1 landri 10 ha MNon definito

pastonel landri 20 ha Mon definita

soia insilata Landriano_2019 16 ha Mon definito

orzo insilato landriano_2012 16 ha Non definito

Imput noti da tecnosfera (elettricita/calore)

Mome ) i CQuantita fisica Unita dimisura  Distribuzione S[MinM Commento

| Output

Emissioni nefl'aria

MNome Sottocompartimento Quantita fisica Unita dimisura Distribuzione ~ 5D2 0 2¥5D Min Max Commento

Ammonia 4466 ka Mon definito

Mitrogen oxides 255 kg Mon definito

Dinitrogen monoxide 434 kg Mon definito

Ammonia 168 kg Mon definito

Mitrogen oxides i8 kg Mon definito

Emissioni in acqua

Sottocompartimento Quantita fisica Unita di misura Distribuzione SD4202*5D Min Max Commento W

ln = Asls




Quantify the potential environmental impact of
cow milk production: details of a specific crop

3 ChUsers\didattica-agri®\Documents\ SimaPro\ DatabaseMilano20120703\Eulat; Landriano 2014 EI3 - [Medifica materiali processo 'silomais 1 landri'] *
&% Fle Modifica Calcola Strumenti  Finestra  Aiuto -8 ®
N2 H& $ER| P BB ST mannd e
Documentazione  Input/Output lPararnetri | Descrizione del sistema I

Output noti & tecnosfera. Prodotti e coprodott

MNome Quantita fisica Unita di misura  Quantita fisica % Allocazione Tipo rifiuto Commen

1 |1.00 % |Agrim|h.|ral‘l,|_IFE Farage4Climate Milano\colture\mais |Landriar'

Cutput noti a tecnosfera. Prodotti evitati

Nome Quantita fisica Distribuzione SD"2 0 2%5D

[ Input

Input noti da natura (risorse)

MNome Sottocompartimento  Quantita fisica Distribuzione SD~20 275D

|Occupaﬁon, arable in ground |1 |Non definito

Input noti da tecnosfera (materiali fcombustibili)

Nome Quantita fisica Unita di misuDistribuzione Comme

Tillage, ploughing Landriano ;1 ha Mon definito

Tillage, harrowing, by rotary harrow Landriano i ha Mon definito

Maize seed IP, at regional storehouse/CH U 20 kg Non definito Bocchi

Sowing Landriano 1 ha Mon definito

Tillage, currying, by weeder/CH U 1 ha Non definito

Fertilising, by broadcaster Landriano 1 ha Mon definito

Urea, as N, at regional storehouse/RER U 150*46/100 = 69 kg

Di ammonium phosphate, as 1005 (MH3)2HPO4 (NPK 22-57-0), at plant/RER Economic 1] kg Non definito

Application of plant protection products, by field sprayer Landriano i ha Mon definito Diserbc

Application of plant protection products, by field sprayer Landriano 1] ha Mon definito

Acetamide-anillide-compounds, at regional storehouse /RER U 12000/12 = 1E3 g

Triazine-compounds, at regional storehouse/RER U 144012 = 120 a

Slurry spreading, sistema ombelicale Landriano 960/12 = 80 m3

Irrigazione scorrimento con turbina Landriano L5 ha Mon definito

Combine harvesting Landriano 1 ha MNon definito

Transport, tractor and trailer Landriano 60%0.8 = 48 thm

Insilamento trincea Landriano &0 ton Non definito

>

8.2.3.0 PhD




Quantify the potential environmental
impact of cow milk production: final

3 ChUsers\didattica-agr1® Documents\SimaProt DatabaseMilanc20120703Eulat; Landriane 2074 EI2 - [Modifica elaborazioni processo 'LCA latte landri_2019'] o x

PR HS PRR|PBE S mi2umid| S

Documentazione  Input/Output IParamehi I Descrizione del sistema I

&% File Modifica Calcola  Strumenti  Finestra  Aiuto - 8 X

| Prodotti
Output noti @ tecnosfera. Prodotti e coprodott
Quantita fisica Units di misura Quantita fisica % Allocazione Categaria Commento
1016378 ka Mass 73 % Agricultural\Aziende LIFE Milano\Landriano_2019 FPCM
Lca carne landri_2019 36950 kg Mass 100-78 = 22 % Agricultural\aziende LIFE Milano\Landriano_2019 kg carne
Output noti a tecnosfera. Prodott evitati
Mome ) - Quantita fisica Unita di misura Distribuzione SD~202%ED Min Max Commento
| Input |
Input noti da natura {risorse)
Mome Sottocompartimento  Quantita fisica Unita di misura  Distribuzione SD"20 275D Min Max Commento
Input noti da tecnosfera (materialifcombustibiliy
MHome Quantita fisica Unita di misuDistribuzione 502 0 2%5D Min Max Comme
latte in polvere landriano 1 p Mon definito
materiale di lettiera 1 il Mon definito
acquisto energetici landriano_2019 1 il Mon definito
acquisto proteine landriano_2019 b p Mon definito
ascquisto foraggi Landriano_2019 1 p Mon definito
COLTURE TOTALI Landriano_2019 1 p Mon definito
consumi energetid landriano 1 p Mon definito
stabulazione landriano_2019 1 D Mon definito
stoccaggio landriano_2019 1 p Mon definito
Input noti da tecnosfera (elettricta/calore)
Mome Quantita fisica Unitd di misura  Distribuzione S[MinM Commento
i Gnseric inea qu)
| Output
Emissioni nell'aria
Rlrrna Sattnenmnartimantn Noantits ficica | it di micies Nictribosinns CMAT A FECM Min Mz Crrarnartn
< >
[8.2.3.0PhD
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Quantify the potential environmental impact
of cow milk production: choice of method to

&y C\Users\didattica-agr

calculate impact categories

cumentstSimaPro\DatabaseMilan

&3 File Modifica Calcola Strumenti  Finestra  Aiuto
NRd| & %!

Generale |setdjuarametri | Analizza aruppi | Opzioni arafico I

B | DB

[Muova impostazione di calcolo]

LM Ze 2l kA | BB

&

MNome

Commento

Funzione di calcolo
& pete
' albero
© Analizza
' Confronta

Metodo
1.0 2011 Midpoint V

€ Analisi di incertezza

ReCiPe Midpoint {H)

110

Methods

Prodotto Quantita fisica Unita di misura Progetto Commento
LCA latte landri_2013 [1 kg |Landriano 2014 E13
&3 Seleziona un metodo ed un set normalizzazione/pesa
=~ Metodi Mome £ I\l'ersione | Progetto i ~
{.European CML-IA baseline 3.01 Methods B
Morth American CML-TA non-baseline 3.01 Methods
Others Ecological Scarcity 2013 1.00 Methods
Altri EDIP 2003 104  Methode
Single issue EPD {2008) - Modified: IPCC 2014 1.03 Landriano 2014 E13
Superseded EFD (2008) - Modified: Mguyen T.L, 2012 - 103 Landriano 2014E13
“Water footprint EFD (2013) 100 Methods
EPS 2000 2,07 Methods
IMPACT 2002+ 211 Methods
ReCiPe Endpoint (E) 1.10 Methods
ReCiPe Endpaint (H) 1.10 Methods
ReCiPe Endpaint (I) 1.10 Methods:
ReCiPe Midpeint (E) 110 Methods

Set Normalizzazione/Pesa /|

Calcola

Chiudi

7 2N Dhn



Quantify the potential environmental impact
of cow milk production: final results

Rete 1 Albera  Valutazione dellimpatto ]Invenmrio 1 Contributo processo 1 Impastazione di calcolo 1 Controlli (633) 1 Panoramica del prodotto q

Caratterizzazione I =Firiite
. - o o e e G [~ Esdudere il lungo termine
Ignora categorie ]Mal _:j E MJ $ i 4_] :/C‘J ! =g [ Pe J i
Sele] Categoria d'impatto /Uit Totale LCA latte landri_2019 latte in polvere landriano materiale di lettiera acquisto energetici
S landriano_2019
7 |Climate change kg COZeq 1.39 % 0.0315 0.00308 0.102
¥ Ozone depletion kg CFC-11eq e % 4.19E-9 8.19E-11 B.3E3
[¥ Human toxicity, cancer effects CTUh 1.14E-8 X [1.278-11 6. 76E-10 3.48E-9
¥ Human toxicity, non-cancer effects CTuh 5.82E-7 X 1.45E-10 1.81E-9 1.11E-5
¥ Particulate matter kg PMZ.5eq 10.000675 x 8.9E-6 1,356 4.11E-5
¥ lonizing radiation HH kBq U235 eq 0.0182 % |0,000234 5.69E-5 0.00941
¥ lonizing radiation E (interim) ICTue |5.55E-8 Ix 14.38E-10 2.02E-10 2.8E-5
¥ Photochemical ozone formation kg NMVOC eq ‘0.00188 x |5.07E-5 1.38E-5 0.00023
¥ Addification ‘molc H+eg 0.0283 x |0.000414 3.26E-5 0.00118
[V Terrestrial eutrophication imolc Neg 0,125 x |0.00187 8.27E-5 0.00492
¥ Freshwater eutrophication kgPeg 4,41E-5 x 11.93E6 4,71E-7 1.54E-5
¥ Marine eutrophication kgMeg 0.0088 X 0.000195 2.69E-5 0.00113
¥ Freshwater ecotoxicity CTUe 1.1 % 0.00177 10,0147 0.284
¥ Land use kg C defiat 16.4 % (0,134 0.34 1.19
¥ Water resource depletion 'm3 water eq 0.0712 % '0.000218 0.000173 '0.0278
V¥ Mineral, fossil & ren resource depletion kg Sheq 4.1F-6 x |4,85E-8 1.81E-8 19.42E-7
Rete | Albero  Valutazione dellimpatto ]Invemario | contributo processe | Impostazione di calcola | Contrali (633) | Panoramica del prodotto |
Caratterizzazione = rec
e ]Mai _v_l Eé‘ m] Py I ‘LJ _i)/:‘ 1% | F I.EJ’ET.dudere il lungo tern'uneh .
materiale di lettiera acquisto energetic acquisto proteine ascquisto foraggi COLTURE TOTALL consumi energetici landriano stabulazione landriano_2019 stoccaggio landriano_2013
landriano_2015 landriano_2019 Landriano_2015 Landriano_2015
0.00308 0.102 0.401 0.0347 0.209 0.00362 0.386 0.218
8.19E-11 8.3E-8 4.17E-8 5.17E-8 9.43E-9 2.81E-5 X X
5.76E-10 3.48E-9 4.83E-9 3.01E-10 1.97E9 9.11F-11 X X
1.81E-9 1.11E-5 4.98E-7 3E-9 1.77E8 2,99E-10 X X
1.35E-6 4, 11E-5 7.39E-5 9.27E6 0.000269 1.62E-6 0.00014 0.00013
5.69E-5 0.00941 0.00345 0.000562 0.00397 0,000535 X X
2.02E-10 2.8E-8 1.23E-8 1.59E-9 1L.21E-8 1.26E-9 X X
1.38E-5 0.00028 0.000504 0.000106 0.000653 1.78E-5 0.000156 9.56E-5
3.26E-5 0.00115 0.00274 0.000375 0.0113 2.53E-5 0.00634 0.0059
8.27E-5 0.00492 0.0116 0.00166 0.0504 4.09E-5 0.0233 0.0264
4.71E-7 1.54E-5 7.06E-6 1.23E6 1.77E-5 3.13E-7 X X
2.69E-5 0.00118 0.00125 0.000583 0.0052 3.8E-6 0,000193 0,000193
0.0147 0.284 0.599 0.0156 0.178 0,00585 X X
0.34 1.19 8.609 0.883 5.17 0.033 X X
0.000173 0.0273 0.0238 0.00125 0.0174 0.000553 X X
1.81E-8 9.42E-7 1.69E-6 1.96E-7 1.21E-6 1.42E-8 X X




Quantify the potential environmental impact of
cow milk production: final results, details of GWP

S Ci\Users\didattica-agr1%Documents\SimaPro\DatabaseMilano20120703\Eulat; Landriano 2014 EI3 - [Analizza LCA latte landri_2019] o X
&9 Fle Modifica Calcola Strumenti  Finestra  Aiuto - [

N2 H& beR S " S LA S

Rete |Albr:ro I Valutazione dellimpatto l Inventario I Contributo processo | Impostazione di calcolo | Control I Panoramica del prodotto |

“'gil |Caratterizzazione j ICIimate change (kg CO2eq) I T I % ®IIJJ|. @'I F:l Iﬁllc‘?&lmﬂ El@ |ﬂ

O Assemblaggio

O Cido di vita

O Scenario di fine vita

O Disassemblaggio

O Riuso

O Material

0O Energia

0O Trasporto

O Elaborazioni

A Uso

O Scenario di smaltimento
O Processo di smaltimenta lanvkizeny 2019
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Environmental impact of milk production from Menozzi
farm: choice of equation for methane emission

| Prodotti |
Qutput noti a tecnosfera, Prodotti e coprodotti
Nome Quantita fisica Unita di misura Quantita fisica % Allocazione Categoria
|stabuiazione landriano_2019 |1 o |amount |100 % | Agricultural\Aziende LIFE Mi... \emissioni stabulazione_20
Output noti a tecnosfera. Prodott evitati
Nome . Quantita fisica Unita dimisura  Distribuzione SD*202"SD  Min Max Commento
| Input |
Input noti da natura (risorse)
Nome Sottocompartimento  Quantita fisica Unitd dimisura  Distribuzione SD~202%5D Min Max Commento
Input noti da tecnosfera (materiall jcombustibil)
Nome . Quantita fisica Unita di misuDistribuzione SD~20 2*SD
Input noti da tecnosfera (elettricta/calore)
Nome Quantita fisica Unita dimisura  Distribuzione S[MinM Commento
[ Output
Sottocompart ngsica Unita di misura Distribuzione  SD"2 0 2*5D Min Max Commet
18234 kg Mon definito
S kg Non definita

. _ Sottocompartimento Quantita fisica Unita di misura Distribuzione SD~202*SD Min Max Con

Emissioni nel terrena
Sottocompartimento Quantita fisica Unita di misura  Distribuzione SD"2 0 2*SD Min Max Commento

& = 9 A Ake



Environmental impact of milk production from Menozzi fa
choice of equation for methane emission

L% File Modifica Calcola Strumenti Finestra Aiuto - 8 %
TR HS(PREB|AIEE YT  RAnmA e
Rete | Albero Valutazione dellimpatto |mvenharb| Contributo processo | Impostazione di calcclo | Controll (633) | Panoramica del prodotto |
Caratterizzazione I Unita predefirte
[~ Esdudere il lungo termine
Ignora categorie |ME j I Per ooni categnria dimpatto
Sele | Categoria dimpatto /| Unita LCA latte landri_2019 latte in polvere landriano materiale di letbera acquisto energetic
landriano_2019
¥ Climate change kg CO2eq .1'35 X _0.0315 _0.00308 _O< 102
[¥ Ozone depletion kg CFC-11eq 3,468 X 4,19E-9 |8.19E-11 8,369
W Human toxicity, cancer effects ICTuh |1148 x L2711 |6.76E-10 3.48E-9
F H..Imﬂ'\ tomtv, non-cancer effects CTL!'I _S.BZE-? x _1._45E-]D _ET.B_IE-E ___L 11E-9
= _Partia.labe matter kg PM2.5eq lO.BOOG?S x 8.9E6 .1'32'6 4.11E-5
F‘_ Tonizing radiation HH ) kﬂq U235eq 0.0182 x 0.000234 |6.69E-5 10.00941
= _Ianizing radiation E (interim) CTue .5‘ S9E-8 x 4.38E-10 I2.02E-10 2.8E8
F7_ Phntod'lemcal ozone formation kg NMVOC eq |0.00186 x 5.07E-5 |1.38E-5 0,00028
¥ Addification molcH+eq 0.0283 X 0.000414 3.26E-5 0.00116
~ _Terrestﬂd eutrophication _mcheq 10,125 x 0.00187 |8.27E-5 10.00492
W :Freshwater eutrophication _kg Peqg _4.4]5-5 X _1,91E-6 _4.?1E-? | 1.54E-5
¥ Marine eutrophication kgheq 0.0088 x 0.000195 |2.69E5 0.00118
[V |Freshwater ecotoxicity CTuUe 11 X 0.00177 0.0147 0.284
¥ Land use kg C defict 16.4 [x 0.134 10.34 118
P Waterresowcedepieton ___m3water g 00712 [x 0.000216 0.000173 0.027
[V Mineral, fossil &ren resource depletion kg Sb eg 41266 x 4.85E-8 |1.81E-8 9.42E-7
./
é o 25000 1.6
= 2 139 1.35 1.4
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Normalization

As defined in the ISO standard 14044, normalization is a process to calculate
the magnitude of the results of impact category indicators, relative to some
reference information. It is an optional process that can be done to
complement a LCIA. The characterized results of each impact category are
divided by a selected reference value, which brings all the results on the same
scale

The reference system can be:

e The total inputs and outputs for a geographical given area over a given
reference year (e.g. the impact of the European Union for 2010); e

e The total inputs and outputs for a geographical given area over a given
reference year on a per capita basis (e.g. the impact of a European in
2010).

E
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Final: interpretation

Life-cycle interpretation, the last phase of the LCA
process, is a systematic technique to identify, quantify,
check, and evaluate information from the results of the
life cycle inventory and the life cycle assemment, and
communicate them effectively.

It is important :

- to communicate all decisions and choices assumed
during evaluation

- to communicate the better solution among others (if it
IS possible...)



Life Cycle assessment: final consideration

« LCAIs a relative tool intended for comparison and not absolute
evaluation, thereby helping decision makers compare all major
environmental impact when choosing between alternative
courses of action (Curran, 2008)

« LCA s an environmental management tool that informs decision
makers, other decision criteria, such as cost and performance,
should also be considered in order to make a well-balanced
decision.

For agricoltural production for instance is important to include other
aspect as Dbiodiversity, ecoservices, cultural and traditional
aspects...



Life Cycle assessment: limitations

Performing an LCA can be very resource and time intensive

The availability of data can greatly impact the accuracy of the
final results

There are a number of ways to conduct LCIA, a lot of choice has
been made because the complexity of environmental systems
that must be reported alongside the final results of the LCA
project

LCA will not determine which product or process is the most cost
effective or works the best. Therefore, the information developed
in an LCA study should be used as one component of a more
comprehensive decision process assessing the tradeoffs with
cost and performance.

Curran, 2008



The holistic approach to sustainability: the
LCSA and the three pillar

In the first decade of the twenty-first century the LCA broadened itself
from a merely environmental LCA to a more comprehensive life cycle
sustainability assessment (LCSA)

LCSA= LCA + LCC + SLCA

SOCIAL

Social Life Cycle Assessment
(SLCA)

(LCA) (LCC)

S

g ENVIRONMENT ECONOMIC
g Life Cycle Assessment Life Cycle Costing
z

5

G
|
2

TERRITORIO, AGROENERGIA

%/ | E AMBIENTALI - PRODUZIONE,




The holistic approach to sustainability: the
LCSA and the three pillar

LCSA= LCA + LCC + SLCA

SOCIAL
Social Life Cycle Assessment

Life cycle costing (LCC) is an
economic approach that sums up “total
costs of a product, process or activity
discounted over its lifetime”. It is
associated with cost in general rather
than just environmental costs.

ENVIRONMENT
Life Cycle Assessment
CCCCC

A social life cycle assessment (S-LCA)
IS a method that can be used to assess
the social and sociological aspects of
products, their actual and potential
positive as well as negative impacts
along the life cycle




The holistic approach to sustainability: a case
study in ltaly (de Luca et al., 2018)

Aim: evalaute environmental, social and economic
impact of 1 ha of cultivated surface with olive

Three scenario:

1) conventional and traditional farming system (CS);
2) areduced use of chemical (LDNT);

3) organic farming system (ZCW)

The best scenario was 2



Table 4
Environmental assessment.

The holistic approach to sustainability: a case
study in Italy (de Luca et al., 2018)

Life Cycle tool Impact Categories Indicators Unit of Measure Paositive or negative Olive growing scenarios
cs LONT ria'
LCA Climate change GHGs kg CO; eq ha™! 50yr! - 3.65E+05 3.60E+05 3.82E+05
Toxicity Toxic emissions kg 1.4-DB eq ha ' 50yr! - 4.67E+08 4.64E+08 4.68E+08
Land Use Land occupation m’yr ha ' 50yr ' - 6.49E +05 5.00E+05 6.50E+05
lable 6
iconomic impacts results,
Life Cycle tool Impact Categories Indicators Unit of Measurement Positive or negative Olive growing scenarios
&) LDNT oW
LCC Profitability GM € ha ' 50yr! - 141,391.04 143,727.28 141,006.35
Life Cycle Costs DLCC € ha ' 50yr! - 184,174.96 181,838.72 184,559.65
Investment feasibility NPV € ha ' 50yr! + 40,295.60 42,631.84 39,910.91
Table 8
Social indicators results.
Life Cycle tool  Impact Categories Indicators Unit of Measure Positive or negative  Olive growing scenarios
cs LDNT ZICW
sLCA Social health Hours of risk exposure hours ha~' 50yr! - 5880190 52913.65 54,276.90
Job opportunities Employment hours hours ha~! 50yr! + 12,103.08 11,758,33 12,103.08
Contribution to national welfare  Fair employees treatment  dimensionless B 0.665 0.646 0.665




The holistic approach to sustainability: a case
study in Italy (de Luca et al., 2018)
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Fig. 3. Integrated sustainability performance of olive growing scenarios.




Environmental LCA and Life Cycle Costing:
dan example (Martinez-Blanco et al, 2014)

Table 6
Environmental Life Cycle Assessment (E-LCA) and Life Cycle Costing (LCC) results for the three fertilizing alternatives (units per ton of fertilized tomato).

Comparison of three fertilizing alternatives for tomato

Indicator

| Unit

Compost

HNO;

KNO;

Environmental Life Cycle Assessment”

Abiotic depletion kg Sb eg 3, 13E+00 2,61E-01 3.08E-01

Acidification kg S0, eq 4. 25E+00 6.63E-01 5,37E-01

Eutrophication kg F'(}q"' eq 3. 20E+0 1.55E-01 1,753E-01

Global warming (GWP100) | kg CO;eq 6,72E+02 1L39E+02 9.17E+01

Ozone layer depletion (ODP) | kg CFC-11 eq T02E-05 4,3{‘:’-]@,—‘06 S,f}rflE-Dﬁ
'Human toxicity ke 1.4-DB eq 3A4E+02 2.78E+01 | 343E+01 |
Fresh waler aquatic ecolox. kg 1.4-DB eq 4, 06E+03 6.3 1E4+00 8. 78E+00
Marine aquatic ecotoxicity kg 1.4-DB eq 1. 46E+06 1. 76E+04 2,1 1E+04
Terrestrial ecotoxicity kg 1.4-DB eq 6. 55E+0 3A48E-01 2.33E-01

Photochemical oxidation kg C;Hy 1. 22E+00 5.24E03 | 5.86E-03

Cumulative energy demand MIJ eq 1.64E+03 5. T4E+02 6.76E+02

Life Cycle Costing”

Fertilizer markel price € 14,31 24.01 27.04
Price of Lransportation € 1,95 0.1410 0,1354
Extra application costs € 2135 0.00 0,00

“Data adapted from Martinez-Blanco et al. (2011b).
bData adapted from Martinez-Blanco et al. (2013b).




Social Life Cycle: an example (Martinez-Blanco et
al, 2014)

Comparison of three fertilizing alternatives for tomato

Table 2
Country scale — Social aspects (including risks and impacts) for countries involved in the foreground processes for fertilizer production.

STAKEHOLDER > Subcatesory (shaded) > Social indicator (white) Data Spain Israel |
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Si
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Number of children oul of school (%) ™
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Environmental LCA and Life Cycle Costing:
an example (Martinez-Blanco et al, 2014)

Fig. 2 Social performance of Social performance of Irish dairy farm
Irish da.'l['}" farm Fair wage

Supplier relationship 1 Working hours
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