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Preface 

The increase of the world population intensify the 
demand for food but there are some uncertainties 
for: 
• Animal behavior 
• Human health 
• Food safety 
• Sustainability 
• Competition (land, water, energy…) 
• Environment (nutrient imbalance, 

eutrophication, GHG,…) 

Charles, 2010 
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FAO, 2009 





Greenhouse gases 

• Public opinion 

• GHG from livestock sector 

• Climate and energy package 20 – 20 – 20 

These targets, known as the "20-20-20" targets, set three 
key objectives for 2020: 

• A 20% reduction in EU greenhouse gas emissions 
from 1990 levels;  

• Raising the share of EU energy consumption 
produced from renewable resources to 20%;  

• A 20% improvement in the EU's energy efficiency. 
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Global warming 

Global warming is the observed and projected 
increases in the average temperature of Earth's 
atmosphere and oceans. Last 150 years 
increased concentration of greenhouse gases 
whit an increase of temperature (IPCC, 2001). 
The Earth's average temperature rose about 0.6 
°C in the 20th century. 
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GHG 

Gases that trap heat in the atmosphere are often 
called greenhouse gases – GHGs. 

• Carbon dioxide (CO2) 

• Methane (CH4) 

• Nitrous oxide (N2O) 

• HFCs 

• SF6 

• PFCs 

associated 
with 

agriculture 
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Emissions 

72% of the totally emitted greenhouse gases is 
carbon dioxide (CO2), 18% Methane and 9% 
Nitrous oxide (N2O). Carbon dioxide emissions 
therefore are the most important cause of 
global warming 

IPCC, 2007 
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The agricultural sector in Italy is the second 
largest source emitting gas emissions, with 6.7% 
of national emissions, after the energy sector 
whit 82,9% (ISPRA, 2012). 

The current target is to reduce GHG emissions 
by 80% by 2050. 
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CO2-eq 

•The greenhouse effect is different for different 
gases involved 

•The effects of emissions conform with the “CO2 
equivalent” (IPCC, 2007) 

 

Carbon dioxide-equivalent (CO2-eq) 

1 kg CO2   =      1 kg CO2 equivalent 

1 kg CH4  =    25 kg CO2 equivalent 

1 kg N2O =  298 kg CO2 equivalent 
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Schematic representation of the main greenhouse gas sources and removals 
from the atmosphere in managed agricultural ecosystems 

IPCC, 2006; Volume 4 Chapter 1 
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GHG 

CH4 - CO2  

Enteric 
fermentation, 

respiration, 
generated in 

manure through 
microbial 

decomposition of 
fecal OM 

Paddy, burning of 
agricultural 

residues 

N2O 

Through microbial 
nitrification and 
denitrification 
processes, or 

indirectly when N 
is lost through 
volatilization as 

NH3, NO, NO2, or 
run-off and 

leaching 

Agricultural soils, 
burning of 
agricultural 

residues 
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CH4: Enteric 
30.45% 

CH4: Manure 
8.26% 

N2O: 
Manure 
10.53% 

CH4: Rice 
Cultivation 

3.89% 

N2O: Field 
Burning 
0.01% 

N2O: 
Agriculture 

soils 
46.83% 

CH4: Field 
Burning 
0.04% 

Atzori, et al. 2010  
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Enteric fermentation in the cattle 

The production 
of CH4 for 

ruminants is a 
physiological 

need 

Sandri ,2011 



Enteric fermentation in the cattle 

• Changing the diet, increase the daily intake, 
increase the degradability of starch, decrease 
the fiber of forage in the ration, add 
unsaturated fats in the ration,… 

• Ruminal additives (Puchala et al., 2005; Tiemann et al., 2008; 
Wallace et al., 2006) 

• Rumen microbial population 

• Animal selection (Capper et al., 2009) 

• Management  
CH4 
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GHG 

Species 
 

Enteric 
fermentation, % 

Manure, % 

Dairy cows 79 21 

Beef cattle 67 33 

Pigs 12 88 

Poultry 0 100 

Italian GHG from livestock 3.0% 
World GHG from livestock 5.4% 

Cannas, 2012 
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Dairy cows 
53.90% Beef cattle 

24.43% 

Pigs 
13.95% 

Sheep 
7.08% 

Goats 
0.61% 

Buffalo 
0.02% 

Horses 
0.01% 

Chickens and 
rabbits 
0.00% 

Italian GHG 
from 

livestock Atzori, et al. 2010  

Emissions from 
agriculture: 6.6% 
of the total, 
animal 
productions 3.0% 
(ISPRA,  2012) 
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Excess dietary CP  

N to liver 

Urinary urea 

NH3  emission from manure  

Ammonia  (NH3) 
•Has 

environmental 
and human 
health effects 
•Eutrophication 

of surface 
waters 
•Acidification of 

ecosystems 
•Fine particulate 

matter 
formation in the 
atmosphere 

In UE-27 the agriculture is responsible for most of the emissions of ammonia 
(94%) but the emissions have decreased by approximately 27% compared to 
1990  (EEA, 2011) 
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Carbon footprint 

The carbon footprint is an environmental  
indicator that measures the impact of human 
activities on global climate; expresses 
quantitatively the effects on climate (from 
object or a service) by greenhouse gases 
generated by a person, an organization, an event 
or a product (ENEA, 2011). 
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The total amount of greenhouse gases produced 
directly or indirectly by support activities 
throughout the human life cycle, usually 
expressed in equivalent tons of carbon dioxide 
(CO2). 
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The carbon footprint of products includes the 
absorption and emission of climate-altering 
gases over the lifecycle of a product or service, 
from the extraction of raw materials and their 
processing, their use and their final use, 
recycling or disposal (use of energy, fuels for 
transport, waste and losses, fixation of 
atmospheric CO2 by plants or soil…) (ENEA, 
2011) 
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Environmental Pyramid: Carbon Footprint 

BCFN, 2011 
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The goal would be the 
indication on the label 
of how much a product  
costs in terms of CO2 
equivalent emissions 
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Carbon footprint  emissions that affect the 
climate change phenomenon and does not 
provide a result for the whole environmental 
impact 
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Other ecological indicators… 

Water Footprint:  measure the consumption of 
water in terms of volumes used (evaporated) 
and / or polluted per unit of time always along 
the entire life cycle (Hoekstra, 2008). 
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Environmental Pyramid: Water Footprint 

BCFN, 2011 
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Ecological footprint: is a measure of how much 
biologically productive land and water an 
individual, population or activity requires to 
produce all the sources it consumes and to 
absorb the waste it generates using prevailing 
technology and resource management practices. 
It is measured in global hectares (gha). 

ecologicalfootprint.com 
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Environmental Pyramid: Ecological Footprint 

BCFN, 2011 
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http://world.time.com/2012/12/14/what-if-the-worlds-soil-runs-out/print/ 
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BCFN, 2011 
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A growing part of the Ecological footprint 
derives from the livestock sector? 



LCA – life cycle assessment 

It is an objective method (ISO) for the evaluation 
and quantification of the energy and environmental 
and potential impacts associated with a product/ 
process / activity over the entire life cycle, from raw 
material acquisition to the end of life ("cradle to 
grave"). 

Roy, 2009; Pelletier, 2008 
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Direct applications: 

- Product development 

and improvement 

- Strategic planning 

- Public policy making 

- Marketing 

- Other 

(ISO, 2006; Roy 2009) 
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Goal definition and scoping 

The purpose of the study and which the use (e.g. 

Intensive, extensive and organic grassland farming; Hass et al. 
2001) 

The expected product of the study, system 
boundaries (farm gate,…), allocation (milk and 
meet), functional unit (ms, kg, kg/cattle,…) and 
assumptions 
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Inventory analysis 

• Animal in the farm, feed, manure 
management, … 

• Fuel to produce fertilizer, seed, for transport,… 

• Many LCA databases exist and can normally be 
used (enteric fermentation, ammonia from 
fertilizer, data on transport, extraction of raw 
materials, processing of materials…) 

Zendri Francesco  - 3rd June 2013 



Impact assessment 

The inventory results are assigned to different 
impact categories, based on the expected types 

of impacts on the environment. 

 

 

Classification, characterization, normalization 
and valuation 

Roy, 2009; Schmidt 2008 
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Interpretation 

• Final phase of an LCA 

• Is to verify whether the conclusions drawn 
from the analysis are supported by the data 
collected and the procedure adopted 

• The tests include: representativeness of the 
sample analyzed, sensitivity, real meaning 
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• Knowledge of the consequences of the entire 
process 

• Contrasting effects 
• Definition of best practices 
• Benchmarking 
• Trade promotion 
• Powerful tool for planning both corporate and 

political, which lends itself very well to establish 
development goals, to outline strategies and 
define performance indicators 

Advantages 

Pirlo, 2012 
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Disadvantages 

• Data quality often made ​​in very different 
contexts 

• Modest uniformity of methods 

• Difficulty in obtaining data from companies/ 
farms (distrust, disorganization,...) 

• Predominantly diffuse pollution 

Pirlo, 2012 
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Impact 
categories 

Units Total 
From 

cradle to 
farm gate 

Transports 
to dairies 

Dairies 
To 

distribution 
centres 

GW kg CO2 eq 1.5 85% 1% 11% 3% 

Ozone layer 
depletion 

kg CFC-11 eq 6.7E-08 62% 2% 27% 9% 

Photochemical 
oxidation 

kg C2H4 eq 2.7E-04 84% 1% 12% 3% 

Acidification kg SO2 eq 9.9E-03 92% 1% 5% 2% 

Eutrophication Kg PO4
3-eq 7.2E-03 97% <1% 2% <1% 

Impact assessment results per 1 liter of HQ milk and percentage contribution of each life 
cycle phase 

(Fantin et al. 2012) 
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(Fantin et al. 2012) 
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LCA and mountain area 

• The scenario of the alps has never been 
studied and considered in in the study of the 
LCA or carbon footprint. Therefore the aims of 
my Ph.D. are to investigate the environmental 
impact in mountain areas in terms of 
sustainability, resource consumption, 
procurement of feed (self-sufficiency), input / 
output, etc. 
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Cow plus 

Sampling of the dairy and dual 
purpose cows reared in mixed 
breed farms in Trentino and 
collecting all the data to 
estimate the environmental 
impact. 
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off farm 

on farm 
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Conclusions 
Everyone can do something in terms of the 
environment, not only large farms or industries. 

For example, consume 
local products (zero km), 
fruit and vegetables in 
season, slow food, etc. 
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Thanks for your attention 
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