
Life Cycle Assessment of environmental 
impact of animal production chains: 

methodological approaches and 
application cases

Luciana Bava

Agriculture, Environment and Bioenergy PhD Course



Life Cycle assessment: what is it?

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



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



Life Cycle assessment: example

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



Life Cycle assessment: example from 
scientific literature 

Food and 
feed
production



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



Life Cycle assessment: attributional and 
consequential

Richter, 2016



Life Cycle assessment: the phases according to 
EN ISO 14040 



1.Goal and scope 

2.Functional unit

3.System boundaries

5.Inventory analysis

6.Impact assessement

Life Cycle assessment: the phases
according to EN ISO 14040 - modification

Interpreta
tion

4. Allocation



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

LCA: stage 1



Stage 2. Functional unit

• It is 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)

LCA: stage 2



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

LCA: stage 3

Torrellas et al., 2012



LCA: system bundary of chicken meat production

System 
boundary

Cesari et al., 2017



Stage 3. Definition of system boundaries 

Our example:

Quantify the environmental impact of cow milk 
production

LCA: stage 3
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System boundary

Bava et al., 2018

LCA: system boundary for Grana Padano PDO



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

For example
when the 
inclusion of by-
products or food
waste in a 
secondary
products are 
considered



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”

LCA: stage 4

milk
cheese

whey

At cheesefactory

barley
straw

grain

At mill



Stage 4.1. Physical allocation

LCA: stage 4

• It is 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.



Stage 4.2. Economic allocation

LCA: stage 4

• It is raccomanded method by ISO standard
• Share the impact among product and 

secondary product based on real price and 
relative mass

soybean

100 kg 

oil

17 kg

soybean meal

80 kg



Stage 4.2. Economic allocation (IDF, 2015)

LCA: stage 4

• Equation to calculate economic allocation of 

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 +17*0.71))*100 = 69

soybean
100 kg (0.38 €/kg)

oil
17 kg (0.71 €/kg)

soybean meal
80 kg (0.34 €/kg)



Stage 4.3. Biophysical allocation

LCA: stage 4

• It is 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»



Stage 4.3. Biophysical allocation

LCA: stage 4

Example: milk production

Dairy farm Meat from calves and culled
cows sold or dead 



Stage 4.3. Biophysical allocation

Our example:

Quantify the environmental impact of cow milk 
production

LCA: stage 4



Stage 4.3. Biophysical allocation

LCA: stage 4

Example: milk production (IDF, 2015)



Stage 4.4 Nutritive allocation

LCA: stage 4

• 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

Whey 0.09 0.75

Butter milk 0.6 3.2

Cream 22 2.6



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



Environmental impact of Grana Padano 
cheese: results
Results

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



Carbon footprint of milk production change
considering different allocation methods



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

LCA: stage 4

To know more about allocation methods: 



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



LCA: stage 5- Emissions

For calculation of emissions (CH4, NO2, NH3…) 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



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



Stage 5. Inventory analysis

Our example:

Quantify the potential environmental impact of cow 
milk production

LCA: stage 5



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
• purchased animals
• transport of the inputs
• …
Output
• milk
• meat
• energy
• …



Inventory analysis for LCA of organic and 
conventional milk production

Thomassen et al., 2008



LCA: stage 5 inventory analysis for goat milk
production

Zucali et al., 2020



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 CO2 eq

LCA: stage 6



Stage 6. Impact assessement

LCA: stage 6



Stage 6. Impact assessement example

LCA: stage 6

https://www.environdec.com/



Stage 6. Impact assessement

LCA: stage 6

https://www.environdec.com/

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…



Acidification 
potential: g SO2 eq.

Global Warming 
Potential: kg CO2 eq.

Eutrophication 
potential: g PO3-

4 eq.Land use: m2

Non renewable 
energy use: MJ eq.

OFF-FARM ON-FARM

Impact assessement



Methods implemented into Simapro Software



Stage 6. Impact assessement

LCA: stage 6

https://www.environdec.com/

Simapro

A video tutorial

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

https://www.youtube.com/watch?v=ruL0IaNNmWY 3



Quantify the potential environmental impact 
of cow milk production: create the project



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



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



Quantify the potential environmental 
impact of cow milk production: final



Quantify the potential environmental impact 
of cow milk production: choice of method to 
calculate impact categories



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



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



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



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

Tier 2                  Tier 1



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: 
• 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); • 
• 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).



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…) 

Final: interpretation



Life Cycle assessment: final consideration

• 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)

• LCA is 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 biodiversity, 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



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

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.

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

LCSA= LCA + LCC + SLCA



The holistic approach to sustainability: a case 
study in Italy (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) a reduced use of chemical (LDNT);
3) organic farming system (ZCW)

The best scenario was 2



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



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



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

Comparison of three fertilizing alternatives for tomato



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

Comparison of three fertilizing alternatives for tomato



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


