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Introduction

THE LIFE CYCLE 
ASSESSMENT 

METHODOLOGY (LCA) 
PERMITS THE CALCULATION 
OF THE ENVIRONMENTAL 
IMPACTS OF THE ENTIRE 

AGRI-FOOD CHAIN

THE EUROPEAN 
PRODUCTION SYSTEM 

HAS THE LOWEST 
ENVIRONMENTAL IMPACT

PER KG OF PROTEIN

IF CONSUMED ACCORDING 
TO THE MEDITERRANEAN 
DIET MODEL, MEAT HAS 

AN ENVIRONMENTAL 
IMPACT SIMILAR TO THAT 

OF OTHER FOODS

The debate on the impacts of 
food often leads to the timely 
comparison of environmen-
tal indicators related to the 
production of 1 kg of various 
foods. Whilst providing useful 
information for the improve-
ment of supply chains, these 
classifications are not very 
significant for a few reasons. 
The first is nutritional: it is very 
clear, for example, that  the 
comparison between sal-
ad, rice and meat is wrong 
regardless because these 
foods have different “func-
tions” and contribute to hu-
man health in a complemen-
tary way. This was discussed 
in the nutrition chapter. In 
merit to the environmental rea-
son, the classification of foods 
according to their impact can 
lead to the conclusion that 
the most impactful ones, such 
as meat, are to be eliminated 
so as to reduce the pressure 
on the environment. Even this 
consideration is not particu-
larly consistent with reality 
because it suggests that some 
agricultural or livestock chains 
be cancelled.

On the other hand, those who 
know how agri-food produc-
tion works have a clear mind 
about the constant integra-
tions between the various 
productions,to the point that 
talking about different prod-
ucts is (almost) incorrect. In-
stead, it would be much more 
coherent to imagine food 
production as one big system, 
characterised by many prod-
ucts with as many by-products, 
that almost always find a use 
in the same sector following 
the principles of the circular 
economy, today very popu-
lar in the processing industry, 
but known to farmers and 
breeders for centuries. Enter-
ing the question of animal 
husbandry and the produc-
tion of meat and cured meats, 
the debate should therefore 
not be regarding “if”, but on 
“how”, pushing the producers 
(agricultural and industrial) 
to constantly improve perfor-
mances by reducing impacts. 
In this context, the calculation 
of impacts becomes a useful 
reference, facilitating compar-
isons with oneself or similar 

processes, provided that the 
indicators are interpreted cor-
rectly, avoiding misleading 
considerations such as those 
done by treating the overall 
consumption of water without 
referring to its availability in 
places of consumption. 
Lastly, further attention must 
be placed concerning the us-
ing of kg as a reference unit. 
There is no doubt that meats 
and cold cuts are among the 
foods characterised by the 
greatest environmental impact 
when the analysis is carried out 
per kg of product. Considering 
that a correct diet involves the 
balanced consumption of all 
foods, a correct analysis should 
take into consideration the fre-
quency of consumption and 
portions suggested by nutri-
tionists: the multiplication of 
impacts and quantities is the 
basis of the Environmental 
Hourglass, icon of the Sustain-
able Meat project. According 
to this representation, eating 
meat in the right quantity 
does not result in a signifi-
cant increase in an individ-
ual’s environmental impact.
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WHAT ARE 
THE IMPACTS
OF MEAT1

1.1 Animals and plants: a circular 
system

Respect to other industrial sectors, the 
agri-food sector is certainly the most 
complex, because it is conditioned by the 
many interactions between the various 
production chains that are substantially 
integrated into a model defined as circu-
lar. This term, used not offhand, has be-
come “trandy” again in recent years. One 
of the main challenges for the sustaina-
bility of industrial systems is that of mod-
ifying the linear growth model (extraction 
of raw materials, transformation and 
disposal of waste) to circular, thus max-
imising the reuse and recovery of waste. 
One of the most current definitions of cir-
cular economy is from the Ellen MacAr-
thur Foundation1 which defines it as “an 
economy designed to regenerate itself” 
specifying that “in a circular economy the 
flows of materials are of two types: the 
biological ones, capable of being reinte-
grated in the biosphere, and the technical 
ones, destined to be revalorised without 
entering the biosphere”.

The circular economy is an approach 
that farmers and breeders know very 
well because, for example, one of the 
characteristics that regulates the prop-
er functioning of a farm is the integration 
between the many activities: the straw 
that remains from the cultivation of ce-
reals is often used for animals (as food 
or litter), while manure is a valuable aid 
in fertilising land. The meat and cured 

meats sector certainly contributes to this 
circularity: many by-products generated 
during food production, both in the field 
and in the transformation processes, 
have animal feed as their main destiny. 
Entering even more in detail, we can see 
how the breeding of cattle is one of the 
most articulated and circular that ex-
ists since the so-called cow-calf supply 
chain produces meat, milk, skin and many 
of the by-products generated during the 
slaughter phase are destined for the most 
varied of uses.

In this last field, research and industrial 
innovation are certainly important in max-
imising the possibility of reuse. One of the 
most famous examples is that of the veal 
slaughterhouse which is used for the pro-
duction of natural rennet, still considered 
the best from a qualitative point of view 
for the production of all PDO cheeses.
These characteristics of integration and 
circularity must also be taken into con-
sideration when calculating environmen-
tal impacts. The correct attribution of the 
impacts must in fact follow appropriate 
“allocation rules” that allow the relative 
environmental loads to be distributed to 
the various products.

In other words, taking 100 as the impact 
score of breeding a cow, how much should 
be attributed to the cow’s meat? How 
much to the calves generated through-
out life? And to that of milk? And to the 
manure used as fertiliser? It is therefore 
clear that the analysis cannot be trivial-
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THE CIRCULARITY 
OF THE COW-CALF CHAIN

ised by evaluating a single process, but 
trying as much as possible to analyse sys-
tems in their entirety. This is undertaken 
following common conventional rules de-
cided after international public consulta-
tions as will be described later.

1.2 Reduce impacts looking for 
efficiency

The calculation of impacts can be final-
ised both for “informative” purposes and 
the desire to reduce the pressure of the 
supply chains for the environment. This 

second aspect is normally the result of an 
efficiency research process known as the 
measure of the resources used to reach 
an objective. While from an economic 
point of view the question is quite intuitive 
(reduce costs equal to revenue), when you 
deal with the topic in the analysis of an 
agricultural supply chain, and even more 
from a livestock prospective, the matter 
does not start to become so immediate. 
There are two main aspects. 

On the one hand, dealing with living be-
ings opens the discussion to many as-
pects of an ethical nature (smaller spaces 
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for animals results in lower environmen-
tal impacts). On the other hand, the fact 
that the profound integration of agri-food 
chains creates a balance of relationships 
and flows that must be taken into consid-
eration every time a decision is taken: the 
fact of sending the manure generated by 
a cattle farm to bio-digestion also has 
consequences on farms that receive it (or 
should have received it). So the questions 
are many; one of the most frequent is 
whether a barn or pasture is better (more 
sustainable). Since there are good rea-
sons in both cases, the answer must be 
sought after defining the values and tak-

ing different points of view into account: 
animal welfare, safety, quality and meat 
taste, environmental impacts.

In order to be able to talk about sustain-
ability, therefore, we cannot take into ac-
count only environmental aspects, but an 
overall equilibrium in production. This is 
what many scholars have tried, and try, to 
do in many projects throughout the world.

Emissions of carbon dioxide in cattle breeding in the world.
Source: extract from INALCA Sustainability Report, 2016
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MAIN USES
OF SLAUGHTER BY-PRODUCTS 

BONES CATTLE 
AND PIG SKIN 

BLOOD
AND ENTRAILS 

PORK RIND AND 
OTHER SINUOUS PARTS

PORK BRISTLES PORK MUCOUS 

PERICARDIUM FAT LIQUIDS 
AND RUMEN CONTENT

ABOMASUM

FAT PORK RIND
AND CARTILAGE 

are used for 
producing pet 
food, animal 
fodder, fertilisers 
and gelatine 
used for food and 
pharmaceuticals

are used for 
producing 
gelatine, both for 
food preparation 
(mainly pork) and 
pharmaceuticals 
(mainly bovine) 
for preparing 
films required 
for encapsulating 
medicines

pig entrails are used 
for producing cured 
meats, while bovine 
blood is used for 
producing fertilisers 
and animal proteins, 
while chicken blood 
is used for pet food

once used 
for making 
paintbrushes and 
brushes, today they 
are mainly used for 
making flours for 
livestock use

(extracted during 
the preparation of 
pork entails) is used 
by pharmaceutical 
companies for 
making Heparin, 
which is an 
important coagulant 
medicine

taken from both 
bovine and pork, 
are used for making 
medical devices 
(heart valves)

along with other 
wastes are used for 
producing green 
energy (biogas 
cogeneration)

is used in the 
cosmetic and 
chemical industries 
(soaps) as well as in 
the livestock sector 
(to produce animal 
fodder)

are used for 
producing food 
thickening agents as 
well as pet food

are used for producing 
leather products: veal 
leather is used for 
luxury articles (shoes, 
handbags, belts etc.), 
steer leather is used 
in the automotive 
sector (car seats), 
cow leather is used 
for making sofas and 
leather goods while 
pig leather is used to 
line shoes internally

(the last cavity of 
the four stomach 
chambers of 
ruminants) is used 
for making rennet 
(for example it is 
the only coagulant 
that can be used 
for making PDO 
cheeses such as 
Grana Padano 
or Parmigiano 
Reggiano)

THE FEATHERS 

are used in the 
production of animal 
feed and in the 
textile industry
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NOT ONLY MEAT IS 
OBTAINED FROM 
AN ANIMAL
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sofas etc...
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cats and dogs, 
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Production of gelatine

 also used by the 
pharmaceutical 

sector

BRISTLES
Production of flour for 

livestock use
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Production of Heparin, 

an important 
coagulant
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FAT
Soap, cosmetics, 
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CONTENT AND 

MANURE
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BONES
Animal feed, 

protein flours, fertilisers 
and gelatine 

for foods

FEATHERS

Animal feed 
and textiles
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The LIFE+ Climate change-R 
was a LIFE project promot-
ed and coordinated by the 
Emilia Romagna Region in 
2013-2016, which focused 
on the theoretical and prac-
tical study of cultivation and 
breeding techniques that, 
with equal production yields 
and same product quality, 
allow the reduction of green-
house gas emissions. The pro-
ject was attended by some of 
the most important national 
and international agri-food 
groups and Italian large-scale 
retail traders.

The project was based on an 
integrated approach between 
the agricultural, industrial 
and distributive parts as well 
as the circularity induced by 
dialogue and exchange be-
tween the world of plant and 
animal productions.
The starting point was the 
approach of the integrated 
struggle, a long-established 
practice in Emilia-Romagna, 
to which research and appli-
cation was added to develop 
new agricultural and livestock 
production disciplines that 
foresee the most advanced 
techniques identified inter-
nationally. Among the main 
results of these approaches 
are certainly the reduction 
of the use of fertilisers and 

plant protection products, a 
more rational management 
of water resources, lighter 
land processing techniques, 
different ways of handling 
manure and new types of an-
imal feed. An important point 
was experimentation in a 
sample of farms that allowed 
confirmation of the validity, 
or the settings corrections, of 
the protocols being defined. 

Regarding livestock produc-
tion chains, the results ob-
tained with the application 
of the Good Practices stud-
ied in the project are to be 
evaluated in a positive way, 
with percentages of car-
bon footprint reduction 
ranging from a few per-
centage points up to over 
30%  compared to the aver-
age impact of the individual 
supply chains, which in par-
ticular has been calculated 
in 1.2 kg CO2eq/kg milk for 
drinking milk, 1.3 kg CO2eq/
kg milk for milk destined for 
the production of Parmigiano 
Reggiano and 11.1 kg CO2eq/
kg of live weight for beef. The 
most effective interventions 
are those related to improv-
ing the digestibility of the 
ration, which is capable of 
reducing enteric emissions 
and methane emissions from 
effluents, to which is added 

the introduction of renewable 
energy, such as biogas and 
photovoltaics. 

The results of the project, 
which have been considered 
by the Region for the prepa-
ration and updating of agri-
cultural and rural planning, 
are available at www.agri-
coltura.regione.emilia-ro-
magna.it/climatechanger. 

LIFE+ PROJECT
CLIMATE CHANGE-R
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edited by Susanna Bramante3

Livestock breeding is essential 
for the sustenance of a large 
part of the world’s popula-
tion, especially in areas where 
people still live in poverty. The 
global demand for products 
of animal origin is increasing, 
especially in developing coun-
tries, thanks to the progres-
sive urbanisation, the popula-
tion growth and the increase 
in income of the population: it 
is estimated that the demand 
will grow by 70%, to feed a 
world population that will 
reach the threshold of 9.6 bil-
lion people by 2050.
In this context, global meat 
production is expected to 
increase more than dou-
ble, from 229 million tons in 
1999/2001 to 465 million tons 
in 2050, and that of milk from 
580 to over 1,000 million tons.
The increase in demand for 
these products represents a 
great opportunity for around 
1 billion people who depend 
on livestock breeding, as a 
source of livelihood and in-
come. The growing demand 
for animal products is satis-
fied above all thanks to the 
rapid expansion of modern 
“intensive” farming methods 
linked to traditional systems.
This reality needs to be posi-
tioned in the context of lim-
ited natural resources, given 
that the livestock sector ex-

erts an important pressure on 
many ecosystems, on biodi-
versity, water and soil quality 
and the global environmental 
impact. Livestock breeding 
contributes to greenhouse 
gas emissions less than 
2% in developed countries 
and more than 30% in de-
veloping ones, significantly 
affecting the problem of cli-
mate change. So, while on 
one hand the exploitation of 
resources is considered high, 
on the other  this sector pro-
vides food with high nutri-
tional value with important 
and positive economic and 
social implications contrib-
uting to food security and 
reduction in poverty.
The livestock sector is the 
world’s largest user of agricul-
tural land, through pasture 
and the use of food crops. The 
natural resources that sup-
port agriculture, such as wa-
ter and land, are becoming in-
creasingly scarce and become 
ever more threatened by pol-
lution and climate change.
In this context, the United 
Nations Food and Agriculture 
Organisation (FAO) supports 
the sustainable development 
of breeding livestock, with the 
aim of reducing its environ-
mental impact and use of re-
sources, while increasing pro-
duction efficiency. This need 

is increasingly recognised 
among producers, society 
and governments and con-
crete initiatives have been put 
in place to effectively improve 
the use of natural resources.
In particular, two partner-
ships have been established, 
in which the FAO is actively 
involved, bringing together 
many stakeholders (govern-
ments, public and private 
sectors, producers, civil soci-
ety, international community 
organisations, research and 
academic world, the donators 
who are committed to fund-
ing the various FAO projects).

The Global Agenda for Sus-
tainable Breeding aims to cat-
alyse the action of stakehold-
ers, with the aim of:
 
1) Increasing production ef-
ficiency: in the dairy sector, 
for example, through the im-
provement of health and nu-
trition of animals, it is possi-
ble to increase production by 
reducing the resources used, 
protecting the environment 
and ensuring food security.

2) Revitalize the grasslands: 
in the extensive breeding sys-
tem, for example, the correct 
management of pasture al-
lows the increase in produc-
tion, storage of carbon in 

THE ROLE OF FAO IN THE BREEDING
OF SUSTAINABLE CATTLE2
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the soil and the protection of 
biodiversity and water qual-
ity. Resizing the number of 
animals bred and the use of 
fertilisers, it is possible to in-
crease the quantity and qual-
ity of the forage.

3) Improve the manage-
ment of manure: in the in-
tensive farming system, for 
example, the appropriate 
manure management allows 
to reduce air and water pollu-
tion, thanks to the production 
of biogas and the use of the 
effluents as fertiliser. The en-
ergy and nutrients recovered 
can replace the fuel and syn-
thetic fertilisers. 

4) The Partnership on Envi-
ronmental Assessment and 
Performance of the Farm  
(LEAP), founded in 2012, fo-
cuses on the development 
of specific industry guide-

lines, to quantify and moni-
tor the environmental impact 
and performance of the live-
stock sector. The initiative is 
the result of a consultation 
process started in 2010, be-
tween the Animal Production 
and Health Department of 
FAO and a group of repre-
sentatives from food and ag-
riculture sectors. Thanks to a 
continuous dialogue between 
stakeholders (governments, 
private sector and civil socie-
ty), focused on the identifica-
tion of objectives and on the 
consensus to work together, 
it was possible to develop the 
project, with the aim of creat-
ing a collaboration between 
the different parties interest-
ed in the purposes of the com-
parative analysis, monitoring 
and improvement of the en-
vironmental performance of 
the entire livestock chain, 
taking into consideration the 

positive social and economic 
consequences.

Thanks to the technical, an-
alytical and research skills, 
through the exchange of data 
and information organised in 
specific databases, this collec-
tive action will allow a better 
understanding and manage-
ment of the key factors that 
influence the performance of 
the livestock sector and its en-
vironmental impact.
FAO is committed to providing 
comprehensive and reliable 
assessments of environmen-
tal impacts for the livestock 
sector, the potential for de-
creases and the concomitant 
effects on food security and 
poverty reduction. This is es-
sential for stimulating polit-
ical dialogue and taking the 
right strategic direction to 
follow.

Among the many activities 
of the FAO, the GLEAM (Glob-
al Livestock Environmental 
Assessment Model) project 
is certainly worthy of note, 
which aims to evaluate, 
through the analysis of the 
life cycle, the environmental 

impacts of meat production 
worldwide and identify possi-
ble improvement actions. In-
dications for further in-depth 
information to the official 
documents are available on 
the project’s website, where 
the relevant data and con-

clusions, especially in terms 
of greenhouse gas emissions, 
are reported.
The first data concerns the to-
tal emissions of the livestock 
sector, estimated at around 
7,000 million tons per year 
(7 Gt), which correspond to 

GLOBAL LIVESTOCK ENVIRONMENTAL 
ASSESSMENT MODEL: THE FAO PROJECT
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about 14% of the green-
house gas emissions of all 
human activities. In this 
value also fall the emissions 
associated with the change 
in land use, which occurs as 
a result of the replacement 
of forests with pastures or 
fields for the cultivation of 
raw materials for animal 
feed. Going specifically to 
individual meat, the most 
impacting species remains 
the bovine (from meat and 
milk), due to the enteric emis-
sions that account for about 
6-7%. The most important ar-
eas in terms of emissions are 
South America and Southeast 
Asia, followed by Europe and 
North America.
An important aspect con-
cerns the differences in pro-
duction between the various 
areas, both in terms of spe-
cies raised and of breeding 
patterns: in South America 

beef cattle breeding prevails,
with systems mostly of an 
extensive type; in Asia, pro-
duction is rather focused on 
dairy cattle and pigs; North 
America is a large producer 
of beef cattle in “industrial” 
systems, while production in 
Europe is semi-intensive, with 
a fairly balanced distribution 
among species, with a slight 
prevalence of pigs.
To these variations of pro-
duction correspond obviously 
also differences of emissions. 
In the following figure it is 
possible to see how  in the 
countries where the ex-
tensive breeding prevails, 
the emissions per produc-
tion unit are higher than 
in those regions where the 
system is more industri-
alised. It should be remem-
bered, however, that the ex-
cessive search for production 
efficiency can put product 

safety to risk, or the respect 
for animal welfare.
A political-strategic type con-
clusion that can be reached 
is that the actions to improve 
the sustainability of the live-
stock sector must be cali-
brated on the peculiarities 
and needs of the regions to 
which it refers. For example, 
a reduction in per capita con-
sumption would be desirable 
in regions where they are 
very high (for example North 
America); where instead the 
environmental impacts are 
very low and the consump-
tion quite aligned to the nu-
tritional suggestions, as for 
example in Europe, probably 
the most critical aspect could 
be that of animal welfare, 
upon which improvement 
interventions are certainly 
possible.

Greenhouse gas emissions by geographic areas
Source: www.fao.org/fileadmin/user_upload/gleam/images/fig5.png
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EUROPEAN CONTEXT

Development guidelines 
for the definition of the 
new Common Agricultural 
Policy (CAP) post 2020

Although there are no refer-
ences to the sustainability 
assessment, Member States 
will have the burden of sub-
mitting annual reports on the 
achievement of defined ob-
jectives for the protection of 
the environment and climate 
(for example, reports on bi-
odiversity, use of resources 
and soil quality).

On a voluntary basis: it will 
be possible to finance rural 
development plans or support 
schemes, incentives and the 
granting of subsidies to opera-
tors engaged in the use of ag-
ricultural practices considered 
“sustainable” according to 
the application of mandato-
ry parameters to be defined. 
Minimum 30% of rural de-
velopment funds will have to 
be spent for the definition of 
measures to protect the envi-
ronment and the climate.

INTERNATIONAL CONTEST

Agenda 2030 United Nations

17 Sustainable Develop-
ment Goals (SDGs) have 
been identified, articulated 
in 169 Targets to be achieved 
by 2030 in the environmental, 
economic, social and institu-
tional sectors. The objectives 
regard, among others: envi-
ronmental impact, employ-
ment and economic growth, 
workers’ rights and communi-
ties. The EC is a promoter of 
Agenda 2030 (UN); on whose 
basis are defined the 10 pri-
orities of the Commission in 

matters such as: employment, 
energy and climate, trade 
policy. The SDGs were defined 
between 2000 and 2015 and 
constitute the development 
of the objectives initially de-
fined within the “Millennium 
Development Goals” (MDGs). 
They certainly represent one 
of the most effective results of 
the inclusive and synthesising 
work carried out by the Unit-
ed Nations which has active-
ly involved moreover 1,500 
companies.
The SDGs are universally ap-
plicable in developed and de-
veloping countries and consti-
tute the basis for operational 
plans, legislative actions and 
other policy initiatives. The 
SDGs have placed the eco-
nomic activities of companies 
at the centre, as a necessary 
condition for their pursuing.

DEVELOPMENT POLICIES
THE SUSTAINABILITY OF THE AGRI-FOOD SECTOR
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The 17 global sustainability challenges (SDGs). Source: https://sustainabledevelopment.un.org/

1 - NO POVERTY - End poverty in all its forms 
everywhere

2 - ZERO HUNGER - End hunger, achieve food 
security and improved nutrition and promote 
sustainable agriculture

3 - GOOD HEALTH AND WELL-BEING - Ensure healthy 
lives and promote well-being for all at all ages

4 - QUALITY EDUCATION - Ensure inclusive and
      equitable quality education and promote lifelong 

learning opportunities for all
5 - GENDER EQUALITY - Achieve gender equality and 

empower all women and girls
6 - CLEAN WATER AND SANITATION - Ensure 

availability and sustainable management of 
water and sanitation for all

7 - AFFORDABLE AND CLEAN ENERGY - Ensure access to 
affordable, reliable, sustainable and modern 
energy for all

8 - DECENT WORK AND ECONOMIC GROWTH - Promote 
sustained, inclusive and sustainable economic 
growth, full and productive employment and 
decent work for all

9 - INDUSTRY, INNOVATION AND INFRASTRUCTURE -
     Build resilient infrastructure, promote 

inclusive and sustainable industrialization 
and foster innovation

10 - REDUCED INEQUALITIES - Reduce inequality 
within and among countries

11 - SUSTAINABLE CITIES AND COMMUNITIES - Make 
cities and human settlements inclusive, safe, 
resilient and sustainable

12 - RESPONSIBLE CONSUMPTION AND PRODUCTION - 
Ensure sustainable consumption and production 
patterns

13 - CLIMATE ACTION - Take urgent action to 
combat climate change and its impacts

14 - LIFE BELOW WATER - Conserve and sustainably 
use the oceans, seas and marine resources for 
sustainable development

15 - LIFE ON LAND - Protect, restore and promote 
sustainable use of terrestrial ecosystems, 
sustainably manage forests, combat 
desertification, and halt and reverse land 
degradation and halt biodiversity loss

16 - PEACE, JUSTICE AND STRONG INSTITUTIONS - 
Promote peaceful and inclusive societies for 
sustainable development, provide access to 
justice for all and build effective, accountable 
and inclusive institutions at all levels

17 - PARTNERSHIPS FOR THE GOALS - Strengthen the 
means of implementation and revitalize 
the global partnership for sustainable 
development
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IMPACTS
ALONG THE SUPPLY CHAIN

Like people have, animals have 
dieticians as well. They establish the 
appropriate rations for the various 
animal species during the various 
phases of their lives.
Soy, corn, sunflowers, alfalfa and 
hay are the main raw materials 
grown for making feed for livestock.

Breeding farms can be managed ac-
cording to different production mod-
els according to both where they are 
located and the type of animals bred.

PRODUCTION OF FEED BREEDING FARMS

the management of 
animal excrement

use of fertilisers and 
agrochemicals

energy consumptionuse of diesel fuel

land occupation

use of water

use of water
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Although it is often believed that the most significant phases are 
those related to industrial processing or distribution, more than 
half the overall impact derives from farm management and feed 
cultivation. Agricultural and livestock farms are therefore the 
places where it is necessary to work to control and reduce, where 
possible, the factors of environmental impact.

The transformation phase begins 
with the slaughtering of the animals 
and includes, when foreseen, the 
production of more elaborate prod-
ucts such as cured meats.

Distribution involves all of the 
production phases up until the retail 
stores or the meat’s consumption.

TRANSFORMATION DISTRIBUTION

energy consumption

waste production energy for conservation

transportation

use of water use of packaging
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1.3 Feed production

The first phase of a livestock production 
chain coincides with that of feed produc-
tion. The first step is therefore to under-
stand how the feeds are composed, what 
are the main raw materials needed to 
produce them and how the impacts vary 
in the various supply chains. The relevant 
impacts of this phase are attributable to 
the agricultural phase: for poultry and pig 
meat, this item can constitute up to 60-
80% of the emissions of the entire pro-
duction system (farm to gate); in the case 
of beef, the agricultural contribution is a 
little lower, about 35-45%, because for 
ruminants, a large part of the emissions 
are linked to enteric fermentation4. 

It is therefore clear that the challenge of 
sustainability in livestock production can 
only be won by involving in a systematic 

and farsighted way all the players of the 
supply chain, including farms. The feed 
intended for farm animals is mainly com-
posed of a mixture that includes cereals 
(corn, wheat, barley), legumes (such as 
soy), vitamins and trace elements accord-
ing to a diet that is established on the ba-
sis of needs related to the type of breed-
ing and to its productive specialisation.

In Italy there are farms that self-produce 
a large part of livestock feeds and are 
part of integrated supply chains. This 
practice, which is an indisputable strong 
point for breeding, is applied above all in 
the case of ruminants as they are capable 
of enhancing the biomasses of the pas-
tures. This type of management allows 
the adaptation of agricultural production 
to specific nutritional strategies adopted 
by breeding, as well as a strong control 
capacity and good local application of ag-
ricultural practices, including the tech-

BREEDING FARM                          BEEF DAIRY COW CHICKEN MEAT PORK

Total ration 15-20 kg/DAY 25-30 kg/DAY 0,15 kg/DAY 1,35 kg/DAY

CORN 
OF VARIOUS TYPE 65-70% 60% 25-30% 45-50%

SUNFLOWER 8-10% < 5% – -

SUGAR BEETS 5-10% < 5% – -

WHEAT AND
OTHER CEREALS 5-10% 10% 20% 30-35%

SOY < 5% < 5% 40% 15-20%

GRASS AND HAY < 5% 20% 15% -

SUPPLEMENTS < 5% < 5% - < 5%

Average rations (same quantity) of some species raised in barns in Italy
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niques of “Precision farming”, which can 
substantially affect the overall sustaina-
bility of agricultural production.

In the case of pig and poultry livestock 
production, the correlation between 
self-production of raw materials and 
livestock production is less strict. In 
these cases, we develop integrated sup-
ply chains that include livestock and feed 
mills, able to specialise the feed produc-
tion to the specific type of livestock pro-
duction. With respect to the free market-
ing between producer and feed user, the 
integrated supply chain allows a greater 
consistency in production quality and 
above all greater control capacity, both 
in terms of food safety and sustainability 
aspects. In general, vegetable raw mate-
rials for feed processing are bought on 
domestic and foreign markets. Depend-
ing on the type of agricultural raw materi-
al, the degree of national self-sufficiency 
production is variable.
In the case of soy, for example, Italy cannot 
be self-sufficient and must necessarily 
import from the most suitable territories, 

such as some areas of the South Amer-
ican continent. In such cases, the Com-
munity legislation provides for a com-
plex system of rules concerning health 
safety and traceability throughout the 
food chain. It must be remembered that, 
from the point of view of safety, feeds are 
equated with food for humans and are 
placed within the same rules provided 
in this sector. Although in the context of 
international trade it is more complex to 
implement projects to improve sustaina-
bility, it is important to clarify that, even 
in the case of the globalised markets of 
agricultural commodities, voluntary cir-
cuits for the control and certification of 
sustainable production are available. An 
example in this sense is represented by 
the sustainable soy production and cer-
tification systems, the most important 
of which is represented by RTRS - Round 
Table on Responsible Soy (www.respon-
siblesoy.org).

With the aim of reducing the dependence 
on plant production from other conti-
nents, the European Union promotes and 

The complexity of the metabolism 
of cattle and the specific 
characteristics of the emissions 
are the expression of a complex 

work of conversion. In fact, ruminants have a real natural bio-fermentation system consisting 
of rumen and large intestine. These organs allow the transformation of the cellulose contained 
in the vegetables, that is the non-digestible fraction for humans. The digestion of cellulose in 
ruminants is carried out by a complex and partly still unknown microbial flora that develops in 
these bovine organs. It is only thanks to this system that the animal is able to convert vegetable 
products (otherwise indigestible) into noble proteins, such as milk and meat.  In fact, the 
biological process of rumination determines the transition from the plant to the animal world. 
This is the reason why ruminants were the first animals since prehistoric times that have 
coexisted with the human species, guaranteeing the supply of high biological value proteins, 
starting from poor vegetables without bioavailability for humans.

BOVINE: THE HERBIVORES THAT TRANSFORM 
CELLULOSE INTO PROTEINS
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supports the use of waste and by-prod-
ucts deriving from agri-food supply 
chains for livestock production according 
to the principles of the circular economy. 
On this theme, numerous research paths 
are in fact aimed at expanding the tech-
nologies and the portfolio of livestock 
food obtained from food waste, suitable 
for the production of feed.

The animal diet has in fact always been 
completed by residues or by-products of 
the various phases of industrial process-
ing of food products, such as fruit and 
vegetables not usable for sale, by-prod-
ucts of grinding cereals, non-compliant 
pasta and bakery products, residues from 
milk, beer, tomato industries or even the 
used panels from the extraction of soy-
bean oil, sunflower and colza, excellent 

source of protein. The environmental ad-
vantage in the use of these materials is 
multiple: it reduces the dependence from 
abroad of feed materials, it saves agricul-
tural land used for the  reduce waste by 
recovering resources that would other-
wise be disposed of; in addition, the use 
of former food products to be used as an 
ingredient for animal feeds, is in fact an 
efficient system to eliminate, or at least 
reduce, the waste of food resources8.

The crucial point is the relationship be-
tween the quantity of edible proteins for 
humans intended for animal feed and 
the amount of (edible) protein obtainable 
from the breeding of animals.
To increase efficiency and decrease, as 
far as possible, the use of edible proteins 
for humans as livestock food, it is impor-

The purpose of the Global Feed 
LCA Institute (Gfli) is to meas-
ure the environmental impact of 
feed production. This is a project 

launched in the United States in 2015 and promoted by various international associations such as 
Fefac (European federation of feed manufacturers), Ifif (International federation of feed manu-
facturers), Afia (American feed industry association) and the Anac (Animal Nutrition Association 
of Canada), in addition to a consortium of international companies.

The goal of the Gfli 10 is:
• adopt a standard method for assessing and analysing impact on an international environmen-

tal scale related to the production of feed;
• guarantee the creation and use of a free and transparent database that collects all the infor-

mation on the life cycle of ingredients used in food production for animals;
• create a method of comparative analysis of the effects that feed production has on the envi-

ronment. 

Gfli has also established a partnership with the FAO and the Livestock Environmental Assess-
ment and Performance Partnership to ensure that its activities are compatible with the
methodological requirements defined by the two organisations. The technical program of the Gfli 
has been designed to also comply with the Pef (Product environmental footprint) project,
to detect the environmental footprint of products and coordinated by the European Commission.

GFLI, WORLD PROJECT TO MEASURE
THE ENVIRONMENTAL IMPACT OF FEED
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FOOD EXAMPLES EDIBLE BY HUMANS?

CROPS FORAGE Pasture grass, alfalfa, clovers, hay, silage. No

CEREALS Grain corn, wheat, barley, millet, sorghum, 
triticale, oat Widely

VEGETABLE
PROTEINS

Soy (paste and flour), cotton (seeds and flour), 
colza and peanut flour Partially

CEREAL
BY-PRODUCTS              

Distillation industry cereals, corn gluten, wheat 
bran, straw, crop residues Partially

VEGETAL
BY-PRODUCTS            

Apple peel, citrus pulp, almond shells, fruit/
vegetable scraps. Partially

EX FOOD
PRODUCTS                     

Products not usable as food, packaged or 
not, deriving from both the production and 
distribution process

Partially

BY-PRODUCTS OF
SUGAR FACTORIES                                               Molasses and beetroot pulp Partially

ANIMAL
BY-PRODUCTS                      

Waste meat and bones, tallow, feathers, blood 
and flour, usable as pet food. Partially

DAIRY
BY-PRODUCTS                               Milk, whey, casein.                                                                  Partially

FISHING
BY-PRODUCTS                       Fish waste, fish oil, algae.                                                           Partially

OTHER Vitamins, minerals, probiotics, yeasts, enzymes, 
preservatives.

Partially

Examples of foods commonly used in animal production systems

tant that animal husbandry and feed are 
increasingly optimising the use of crop 
residues and by-products, trying new 
combinations that keep conversion effi-
ciency and animal welfare equally high9. 
Since the world population continues 

to grow along with the demand for food, 
farm animals will play an essential role 
in the conversion of foods that are not 
edible by humans into quality proteins. 
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Animal nutrition is a corner-
stone for food security, ani-
mal welfare and sustainabil-
ity. A fundamental link in the 
chain, which has improved 
over the years in terms of 
production efficiency, play-
ing a key role in reducing en-
vironmental impacts thanks 
to the increasing use of 
by-products, co-products 
and ex-food products. 

The starting point has al-
ways been tradition: the use 
of by-products among feed 
ingredients has always been 
intertwined with agricultur-
al and food production. To 
this has been added an in-
creasing technical-scientific 
competence in the manage-
ment of  “precision” formula-
tions for each type of animal 
and in the specific breeding 
phase. 

By-products are talked 
about a lot; a classic exam-
ple is wheat bran, resulting 
from the decortication of 
wheat for flour production. 
An ingredient of which little 
is spoken, at least for now, 
and which is still an excellent 
example of circularity, is that 
of the former food products 
defined by the European 
Commission as those “food 
products, other than the 

residues of catering, gen-
erated, in full compliance 
with Community legisla-
tion on food, which are no 
longer intended for human 
consumption for practi-
cal reasons, logistics or 
related to manufacturing 
defects, packaging or oth-
er, without presenting any 
risk to health if used as 
feed“ (REG. UE 68/2013).

There can be various types 
of ex-food products, the 
most common are prod-
ucts derived from the pro-
cess of transformation and 
selling of food (such as bis-
cuits, pasta, snacks, bread, 
snacks, sweets), packaged 
or in bulk and, following 
appropriate processing as 
unwrapping and mixing, be-
come excellent raw materials 
that replace cereals, sugars 
and fats in animal diets. It 
is not a question of waste 
but of feed materials that 
have passed from the status 
of “food” to that of animal 
feed. This procedure ensures 
maximum safety and trace-
ability, thanks to the HACCP 
management plan. 

Most of these former food 
products have already un-
dergone a cooking process, 
which greatly improves the 

digestibility of starches and 
increases the digestible ener-
gy of the ration. The inclusion 
in feed of ingredients based 
on ex-food products was 
strongly promoted by the Eu-
ropean Commission for two 
reasons: on the one hand we 
could reduce “a food waste” 
unintentional and unpre-
dictable, while on the other, 
enhancing the use of nutri-
tive resources selected for 
feed (characterised by high 
quality lipids, more digesti-
ble starches due to cooking, 
important sources of sugar 
as well as a reduced risk of 
contamination from myco-
toxins), the need is reduced 
to use traditional raw ma-
terials that require for their 
production soil, energy, wa-
ter, fertilisers and sometimes 
even plant pesticides. For 
these reasons, the European 
Commission has published a 
series of provisions to reduce 
food waste5, as part of com-
munications on the circular 
economy6. One of the initi-
atives consists in enhancing 
the nutrients of foods that, 
for commercial reasons or 
due to manufacturing prob-
lems or certain defects, are 
no longer destined for hu-
man consumption, through 
their safe use in animal 
feed. This recovery does 

CIRCULAR FEEDING: 
THE CASE OF EX-FOOD PRODUCTS
edited by Valentina Massa - Dalma Mangimi
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not in any way compete 
with the supply of food 
banks because it allows 
the recovery of surpluses 
in addition to those food-
stuffs otherwise treated 
as waste and therefore 
composted, transformed 
into biogas, disposed of in 
landfill or incinerated. 
The re-use of ex-product 
foodstuff as feed material is 

finally to be preferred over 
energy reuse or landfill dis-
posal, as also suggested by 
the hierarchies of reuse of 
waste food products7, pro-
moted by EPA (US Environ-
mental Protection Agency) 
and WRAP (the Waste and 
Resource Action Program) 
also endorsed by the EU 
Commission.
Today, therefore, it is possi-

ble to produce high quality 
meat with a reduced envi-
ronmental impact thanks 
to a careful and attentive 
use of feed ingredients that 
are more sustainable and 
no less good or not safe, in 
line with the principles of the 
circular economy which pro-
vides safe recovery processes 
leaning towards a 0 level of 
waste.

Waste hierarchy for food products
Source: www.wrap.org.uk/content/why-take-action-legalpolicy-case
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The impacts of agriculture
Use of fertilisers, irrigation and pro-
cessing of land, use of crop protection 
products: in most cases the agricultural 
phase is the one in which the greatest im-
pacts of the entire food production chain 
are found. 
Fertilisers are substances that provide 
the soil with nitrogen, phosphorus and 
potassium, the nutrients necessary for 
the growth of plants: however, they are 
also one of the first sources of environ-
mental impacts in agricultural produc-
tion, both in terms of use and production 
processes, especially for those in syn-
thesis. Amongst all, the greatest impact 
comes from nitrogen, due to the genera-
tion of protoxide that significantly affects 
the greenhouse effect. Moreover, when 
the fertiliser is supplied in excess, the 
residues not consumed by the plants can 
reach surface water courses, or the first 
underground water tables, causing an 
abnormal increase in the concentration 

of nitrogen which favours an exaggerated 
growth of flora: the so-called eutrophica-
tion phenomenon. 
Natural fertilisers, widely used in or-
ganic farming, can lead to a reduction in 
impacts, especially due to the lower load 
in the production phase, but once placed 
in the field the effects are the same: in-
deed, in some cases the use of natural 
fertilisers (for example manure) makes 
“evolved” cultivation techniques difficult, 
which aim at reducing impacts thanks to 
the use of innovative techniques and tech-
nologies. In addition to nutrients, plants 
need to be protected from diseases, in-
sects and weeds. These have in fact a 
negative implication both for the health 
of the plant itself, and therefore on pro-
duction yields, as well as for food safety 
in case the plant or its products are used 
in food production.
A defence can be made by administering 
to the plants (curative or preventive) the 
chemical substances (or natural, if avail-
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able) during the various stages of growth, 
but also through an “intelligent” field 
management: for example, the fusarium 
infection, one of the diseases of wheat, 
more frequent when corn has previous-
ly been cultivated in the same soil. If the 
farmer takes this information into ac-
count when planning crop changes, he 
can reduce the use of chemicals and con-
sequently reduce costs for the year.
Then there are operational choices, which 
require a decision in a very short time, 
based also on contingent situations: the 
weather, the risks of infection, etc. As 
they can have important environmental 
and economic impacts, these choices 
require ever more tools and information 
which the “traditional” farmer often does 
not have. For this reason, decision sup-
port systems (DSS, Decision Support Sys-
tems) that gather, organise, automatically 
interpret and integrate the information 
necessary to decide the most appropri-
ate actions to respond to the most diverse 
cultural needs, be they long-term strate-
gies or operational decisions to be taken 
quickly. 

Abandonment and deforestation, 
two sides of the same coin
When we talk about territory, one of the 
most debated environmental aspects is 
the use of the soil  that leads, paradoxi-
cally, to opposite problems depending on 
the regions of the world to which we re-
fer: sometimes the main risk is the aban-
donment of the agricultural territories, in 
other cases the problem is the excessive 
aggression of anthropic activities to the 
natural environment (deforestation).
In Italy, for example, the main problem is 
represented by the conspicuous change 
from agricultural land to urbanised land, 
resulting in a general abandonment of 
territories by farmers. According to the 

most recent data published by ISPRA11, at 
national level, land consumption has ris-
en from 2.7% estimated during the 50s, 
to 7.6% in 2016, equal to over 23,000 km2. 
To this is added the incentive for renewa-
ble energy, which often pushed farmers 
to convert land into “photovoltaic power 
plants”, or to convert “food” crops to the 
production of resources used for energy 
purposes (the so-called bioenergy). This 
phenomenon involves various impacts, 
both economic and social, productivity 
is lost with the consequent need to pur-
chase raw materials from abroad, and 
environmental. 

The presence of farms is in fact ex-
tremely useful for the protection of the 
territory, because the continuous main-
tenance allows to reduce, for example, 
the risk of landslides and earth-falls, 
especially in those areas characterised 
by high hydrogeological risk. The sup-
port, also economic, to agriculture and 
animal husbandry is therefore essential 
to avoid the progressive impoverishment 
of the “countryside”. In other countries, 
however, the problem concerns an agri-
culture that looks for territorial space to 
the detriment of other habitats. Just think 
of the uncontrolled deforestation of trop-
ical forests in favour of plantations for the 
production of agricultural raw materials 
(mainly palm oil and/or soy) for food or 
energy, or pasture for cattle livestock. All 
these transitions, besides determining 
the loss (sometimes permanent and irre-
versible) of fertile soil, cause further neg-
ative impacts, such as the fragmentation 
of the territory, a reduction in biodiversity, 
an alteration of the hydrogeological cycle 
and microclimate modifications. Although 
Europe is not directly affected by the phe-
nomenon of deforestation and indeed the 
wooded areas are expanding, there is an 
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Changes in the areas covered by forests between 1990 and 2008 in different areas of the world. 
Europe (EU27) is characterised by an expansion of forest areas (afforestation), but indirectly 
contributes to the phenomenon of deforestation.
Source: EC Study, Technical Report 2013-063.

Deforestation induced by European countries in the period 1990-2008.
Source: EC Study, Technical Report 2013-063.
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induced phenomenon (embodied) by the 
continuous and growing demand for raw 
materials. In all areas of the world there 
are phenomena of forest reduction and 
increase: those in which the net balance 
is strongly negative, however, are South 
America (33% of global gross deforest-
ation), sub-Saharan Africa (31%) and 
Southeast Asia (19%).
In the period 1990-2008, global gross de-
forestation  was estimated at 239 million 
hectares (Mha). The agricultural sector 
has been responsible for the deforesta-
tion of about 128 Mha: 49% is land des-
tined for the production of feed, 8% is re-
lated to the cultivation of plant products 
for rations of pigs and poultry, 43% to 
the production of food of vegetable ori-
gin, bio-fuels and textile fibres. The top 
five crops that contributed to deforesta-
tion during the reporting period were soy 
(19%), maize (11%), palm oil (8%), rice (6%) 
and sugar cane (5%).
As for Europe, an induced deforestation 

of approximately 8.7 Mha (7% of the to-
tal) has been estimated, with the greatest 
contribution being the demand for animal 
feed, followed by that of raw materials for 
human food (soy and palm oil).

These data show a very articulated phe-
nomenon, the management of which is 
extremely complex, and must necessarily 
take into account the world population’s 
growing demand for food. The contain-
ment of meat consumption can be a solu-
tion only where these are very high; a 
global vision must however also aim at the 
efficiency of production. As seen for the 
emissions of greenhouse gases, for ex-
ample, it is clear that pasture is not always 
the most sustainable solution, as regards 
also deforestation. One of the intervention 
aspects is represented by the adoption of 
specific policies for the acquisition of raw 
materials by the producers, in order to al-
low a control of the supply chain and com-
plete raw material traceability.
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One of the most controversial 
and recurrent aspects is cer-
tainly the one on GMOs (Ge-
netically Modified Organism). 
These often end up in the 
dock accused of representing 
a danger to human health 
and the environment and, 
even more so, representing 
the very symbol of a highly 
mechanised agri-food model 
focused on monocultures. Al-
though there are many works 
and many points of view on 
the topic, not always scientif-
ically reliable, that of GMOs 
remains a sensitive issue that 
does not fail to trigger dia-
tribes between supporters 
and detractors of this form of 
innovation. Below we tried to 
summarise the fundamental 
points of the debate, starting 
from the very definition of 
GMO.

The term “genetically modi-
fied organism” refers to any 
“organism whose genetic 
material has been modified 
differently from what occurs 
in nature with natural genetic 
coupling and/or recombina-
tion”.12  In truth, the improve-
ment or modification of the 
genetic characteristics of an 
animal or of a plant species 
has always been known. For 
this reason, it is good to clarify 
that the GMO techniques “un-

der trial” are those developed 
in the last 40 years13  and that 
allow the modification “in the 
laboratory” of some charac-
teristics of the living species: 
for example, it is possible to 
increase the resistance of a 
plant to pesticides or certain 
pests, improve its nutritional 
profile or the ability to adapt 
to adverse climatic conditions 
(for example increasing its re-
sistance in case of drought).
The WHO (World Health Or-
ganization) has long said 
that GMOs currently on 
the market do not pose 
a risk to human health.14 
Nevertheless, their use in the 
agri-food sector is opposed 
by a considerable part of the 
public opinion, above all be-
cause in the face of possible 
risks people do not perceive 
any direct advantage from 
the introduction of this new 
technology.

To help the average con-
sumer juggle with scientific 
evidence, clichés, ideologies, 
the FAO provides a compre-
hensible synthesis of the po-
tentially positive and negative 
effects of GMO cultivations, 
with a brief analysis of their 
verifiability.15 In Italy other in-
teresting contributions to the 
debate on the subject come 
from the work of the Barilla 

Foundation Centre for Food 
& Nutrition which since 2010 
has published a series of re-
ports aimed at deepening the 
issue of biotechnology, trying 
to identify which points are 
the most contrasting on the 
topic of genetically modified 
organisms16. 
Among the relevant topics 
there are certainly environ-
mental and ethical ones. As 
for the environment, among 
the aspects that attract the 
most attention is that of 
crop simplification, to which 
is inevitably binded the risk 
of a possible reduction in 
biodiversity. This concern is 
also exacerbated by the lack 
of knowledge of how these 
species can be invasive com-
pared to traditional ones, 
which could lead to the dis-
turbance of ecosystems in the 
areas surrounding those in 
which they are introduced.
On the other hand, from 
an ethical point of view, the 
problem of the patentabili-
ty of GMO seeds arises, and 
therefore of the possible eco-
nomic repercussions that the 
development of an oligopolis-
tic market in the hands of a 
few companies could have on 
small farmers.

But where and why are GMOs 
used? The varieties of GMO 

GMO
YES, OR NO?
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plants on the market today 
have been created to achieve 
resistance to parasitic insects 
(Bacillus thuringiensis, BT), 
tolerance to herbicides (Her-
bicide tolerant, HT) and re-
sistance to viruses. Recently 
in Europe the cultivation of 
an Amflora potato (EH 92-
527-1) has been authorised, 
with a high amylaceous con-
tent for the paper industry, 

with the aim of increasing the 
productivity level of the sup-
ply chain in question.
In the near future, the main 
reason for commercialisation 
will still be linked mainly to 
resistance to pests and herbi-
cides, even if, for a while now, 
the need has emerged for 
complete plant varieties ca-
pable of adapting to adverse 
environmental and climatic 

conditions: studies have been 
started to develop plants 
that can adapt to drought 
or significant temperatures 
variations, or that can grow 
in soils that are rich in some 
minerals or metals. The main 
GMO crops in the world are 
soy, corn and cotton.
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1.4 Breeding of animals

Breeding farms are the place where most 
of the environmental impacts of the meat 
and cured meats production process are 
generated; the most relevant aspects 
concern enteric fermentations and the 
management of manure. 
These statements are supported, at least 
as far as greenhouse gases are con-
cerned, by the data published by ISPRA17 
which also shows a reduction of about 
16% of the total value compared to 1990.

The enteric fermentations
Enteric fermentation is one of the results 
of the process of food digestion; it be-
comes particularly relevant in the case 
of ruminant herbivorous animals (cattle, 

sheep, buffaloes, etc.), as it involves the 
production of a large amount of methane  
(CH4). This gas has an effect on climate 
change 28 times higher than that of car-
bon dioxide (CO2). The amount of methane 
produced depends mainly on the charac-
teristics of the animal (race, age, weight), 
but also on the type and quantity of the 
food supplied. Some studies (Lauder A. R. 
et al., 2013) argue that the relative impact 
of methane on climate change is overes-
timated, due to its short duration in the 
atmosphere compared to CO2.

How they are calculated
The IPCC organization has dealt with the 
calculation of enteric emissions in the 
guidelines published in 200618, defining 3 
approaches to estimate them with a dif-
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ferent level of detail and insight.
The Tier 1 methodology is the least accu-
rate, but the simplest, as it provides the 
estimation of emissions only on the basis 
of the type of animal (for example beef or 
milk cattle) and the geographical area of 
origin.
The Tier 2 methodology provides a more 
complex approach to calculation and a 
deeper knowledge of the farm in ques-
tion; it should be used when the contribu-
tion is relevant, as in the case of cattle.
Finally, the Tier 3 methodology is the most 
precise, but requires an even more in-
depth knowledge of the farm examined. 

For its application it is in fact necessary to 
have different primary information, such 
as the composition of the ration, the sea-
sonal variation in the animal population, 
the quality and quantity of foods adminis-
tered and the possible strategies to miti-
gate the impacts generated. Often this is 
information derived from direct experi-
mental measures.

How emissions vary: an example of 
calculation
Tier 2 is the most used approach and an 
analysis of the formula leads to under-
standing how emissions can vary signif-
icantly with the diet of animals, both for 
the quantity and for the type of food. The 
calculation is based on specific emission 
factors that are a function of the diet ad-
ministered according to the following for-
mula, where: 

• EF (emission factor) = emission fac-
tor expressed in kilograms of CH4 per 
head per year;

• GE (gross energy intake) = total caloric 
intake per head per year. It depends on 
the type of food and the quantity;

• Ym (methane conversion factor) = ener-
gy conversion factor contained in food 
in methane. It depends on the type of 
breeding;

• The factor 55.65 (MJ/kg CH4) is the en-
ergy content of methane;

• d is the number of days of administra-
tion of the reference ration.

Regarding the Ym factor, its value de-
pends mainly on the type of breeding: in 
bovine, the IPCC values are 3% for barn 
animals and 6.5% for pasture animals 
(or for cow’s milk). With the same ener-
gy (constant GE), the methane emissions 
generated by a pasture animal are twice 
that of an animal in the barn. This state-
ment cannot lead to a direct conclusion 
because, as mentioned, the total quantity 
of food administered must also be con-
sidered. Again with the logic of illustrat-
ing the calculation method, an example 
is presented in which the diets of a cattle 
at pasture and one reared according to 
the Italian production system are com-
pared, then with a period of pasture and 
one in the barn. The comparison is to be 
considered preliminary, because in truth 
the assumptions and implications would 
be many: the first limit, for example, is to 
consider rations constant throughout the 
life of the animal, which in reality is not 
true.

The assumptions made can be considered 
reasonable for the purposes of this doc-
ument, that of elaborating on the calcu-
lation and showing, among other things, 
why barn breeding generates a total of 
less emissions than at pasture.
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   BOVINE AT PASTURE

• diet with 25 kg of grass per 
day;

• breeding time to reach 
the weight of 650 kg: 25 
months.

   BOVINE IN THE BARN

• breeding times: 10 months’ 
pasture; 8 in the barn;

• diet in the pasture period: 
25 kg of grass a day;

• diet during the period in 
barns: 16.5 kg of food con-
sisting of silage and corn 
pasty (60%); straw and hay 
(21%); beet (6%); soy (5%); 
sunflower (4%); wheat (4%).

The presented value includes 
both the enteric and the ag-
ricultural production of the 
raw materials used during 
the barn period. The diet in 
the barn is overall more im-
pactful because despite being 

characterised by lower en-
teric emissions, it must keep 
account of the cultivation of 
food. From an overall point of 
view, however, the impact is 
less because of the less time 
needed to reach the weight 
suitable for slaughter.

ENTERIC FERMENTATIONS
CALCULATION EXAMPLE
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The management of manure
The impact in the management of animal 
waste is due both to the air emissions of 
the volatile substances present (ammo-
nia, methane and nitrous oxide) and to the 
release of nitrogen in the soil. In livestock 
farms these environmental aspects are 
related to two different times in the whole
management flow: the collection and 
storage phase and the final disposal 
phase. When in the presence of outdoor 
farms, however, collecting the manure is 
impossible and the impact depends on its 
spreading around the fields and its con-
trol is almost impossible.

Collection and storage of manure on barn 
breeding farms
A first aspect to consider is the manage-
ment of the breeding farm, that in the 
case of litter with straw or other absor-
bent material can give rise to manure 
(bovine) or pollen (poultry), or slurry (bo-
vine or pig), in the case of breeding organ-
ised on slatted floor. Being almost solid 
materials, manure and pollen are more 
easily manageable than sewage. They are 
therefore to be preferred, because they 
make more alternatives possible for the 
subsequent storage and disposal phases. 

In addition to this, it is to be borne in mind 
that they are generated by farms that 
provide for litter, and are therefore also 
better for animal welfare. After collec-
tion, the manure is stored to make sure 
that its treatment occurs in the most suit-
able time, way and place. Typical stor-
age systems are many, but they can be 
characterised by a fundamental aspect 
that is coverage: especially in the case 
of sewage you can indeed find open or 
closed tanks, with very different effects 
from an environmental point of view. 
The open structures, of course, involve 

greater emissions, both for the direct re-
lease of volatile substances, and for the 
occurrence of spontaneous fermentation 
phenomena that entail an additional dis-
persion of methane, CO2 and other sub-
stances.

As for enteric fermentations, the emis-
sions generated during storage can be 
estimated using the indications contained 
in the IPCC19 guidelines for the three main 
substances: methane, nitrous oxide and 
ammonia. Also in this case three ap-
proaches are possible, whose extremes 
are the tabular and the experimental 
ones; the intermediate scenario, Tier 2, 
is the one used for environmental impact 
calculations because it allows sufficient 
accuracy starting from normally known 
data. 
Also in this case some elaborations can 
be presented, which allow to understand 
the differences in impact between the 
various possible storage methods. Un-
like enteric emissions, however, formulas 
are more complex; for details refer to the 
IPCC documents. Emissions obviously de-
pend on the amount of manure, from ty-
pology, but above all from storage modal-
ities as technology and geographic area: 
the climate, for example, can be extreme-
ly influential in the biological degradation 
processes responsible for emissions. 
To improve its sustainability, the livestock 
sector should then direct investments 
towards a more rational waste manage-
ment, preferring, where possible, the 
production of solid material and there-
fore farms on litter. In the case of beef 
cattle, this evolution is quite tangible, as 
shown by the data of COOP Italia pub-
lished on the environmental product dec-
laration which shows how almost half of 
the produced manure is managed in litter 
with manure production.
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To provide a preliminary 
estimate of the emissions 
associated with the main 
technologies of manure stor-
age, a calculation was made 
keeping all the characteristics 
constant (climate, type of ma-

nure, quantity) and only mod-
ifying the storage technology 
used. Annual emissions of 
CH4 and N2O per head relat-
ed to sewage management 
both in the case of cattle and 
poultry were estimated using 

the data and methodology 
reported in the IPCC Guide-
lines20. Regarding emissions 
related to the handling of pig 
manure reference was made 
to the study by Fabbri et al.21
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The spreading of manure in agriculture
After storage, manure must be disposed 
of. The possibilities are different and the 
choice depends on both the animal spe-
cies from which they derive (they may 
have a different substance content) and 
the storage methods used.
In principle, their spreading in agricul-
ture can be seen as a “closure of the cy-
cle”, because nutrients (mainly nitrogen 
and phosphorus) can be returned to crops 
without resorting to chemical fertilisers. 
In this case, however, a correct manage-
ment is fundamental, since an excess of 
use can result in uncontrolled releases of 
polluting substances, first of all nitrogen. 
For this evaluation, besides the quantity, 
it is also important to consider the quality 

of the material used, because the organo-
leptic characteristics can vary greatly. In 
the case of pollen, for example, the low 
moisture content (30% compared to 90% 
of that of bovine or pig manure) makes it 
very concentrated in nitrogen and there-
fore its spreading must be done with ex-
treme caution.
To limit impacts, the agronomic use of 
livestock effluents is governed by specific 
action programs (first of all the Nitrates 
Directive) that vary from region to region, 
so as to protect vulnerable areas from 
nitrates of agricultural origin. The funda-
mental principle is to have available an 
amount of land proportional to the ani-
mals bred, in order to be able to manage 
the manure directly on the farm.

Percentage breakdown of the methods used to manage the manure produced by beef cattle on 
farms that produce head destined for the COOP22 chain. This figure is representative of about 125,000 
animals, equal to about 2% of cattle raised in our country (5.7 million cattle reared in 2014, with a 
decrease of about 8% compared to 2005, ISTAT-SIEV 23 data).

MANAGEMENT OF BEEF CATTLE MANURE 
IN THE SUPPLY CHAIN

MANURE

SEWAGE – COVERED TANK

SEWAGE - UNCOVERED TANK

47%

33%

20%

Copyright © 2019 by FrancoAngeli s.r.l., Milano, Italy.  ISBN 9788891793324



120 I THE SUSTAINABILITY OF MEAT AND CURED MEATS IN ITALY

Intensive farms need to resort to the avail-
ability of agricultural land to transport 
the manure to areas with lower livestock 
density. The transport of manure is rather 
complex, but technological innovation has 
allowed us to develop various processes 
to make it economically sustainable, such 
as, for example, the drying of digestates, 
using the heat obtained from the combus-
tion of the biogas produced by anaerobic 
digestion.

The treatment of manure: from problem 
to resource
The treatment systems of manure are 
generally aimed at the concentration of 
nutrients (nitrogen and phosphorus), so 
as to make it easy to transport as well as 
its use by farmers, in the case of products 
such as soil improvers or dung. One of 
the best known processes is composting 
which, by means of a controlled process 
of aerobic degradation, makes it possible 
to transform the material (usually manure 
or pollen) into soil improver. The process 
is done by mixing different types of organ-

ic material, to provide micro-organisms 
engaged in the biological process with 
a constant substrate: the manure can 
therefore be mixed with sewage sludge, 
cuttings and organic waste deriving from 
separate collections. It is also interesting 
the case of the pollen which, when dried, 
can become an excellent fertiliser used 
also in organic productions. Among all 
the processes, however, one of the most 
noteworthy is that of anaerobic diges-
tion which, in addition to the treatment 
of manure, also allows energy produc-
tion from non-fossil sources. In fact, the 
process generates biogas, a mixture of 
CH4 and CO2 originating from anaerobic 
degradation processes of mixtures of or-
ganic compounds (manure, plant remains, 
whey, etc.). In this case the biological pro-
cess is rather delicate: the treated materi-
al must be sufficiently balanced between 
dry materials (manure, food waste, veg-
etable residues) and wet (sewage, whey, 
blood, etc.), and a very well organised 
management of the plants is necessary.

DAIRY COWS BEEF CATTLE POULTRY MEAT PORK 

Total Solids
(ST) [kg] 12 8.5 22 11

Volatile Solids
(SV) [kg] 10 7.2 17 8.5

TKN24 [kg] 0.45 0.34 1.1 0.52

NH3N [kg] 0.079 0.086 np 0.29

P [kg] 0.094 0.092 0.3 0.18

Main characteristics of different types of manure - data referred to 1000 kg p.c.25 

(Handbook of Agriculture, 1997 - chapter 6.7 “Management of animal waste” p. E-343 - HOEPLI ed.)
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BIOGAS: 
A RENEWABLE SOURCE
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When the farms are structured and of adequate size, the necessary investments for the 
construction of a biogas production plant are sustainable. The environmental advantage in 
energy conversion, if compared to traditional energy production, is relevant. The operations 
chosen for the comparison derive from the Ecoinvent26 database.
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The Nitrates Directive 
(91/676/EEC27) promotes the 
rationalisation of the use of 
nitrogen compounds in ag-
riculture and provides that 
distributed fertilisers do not 
exceed the needs of crops, 
both for synthetic fertilisers 
which, in the case of organic 
matrices use, and for live-
stock manure.
Member States are obliged to:
• identify the Nitrate Vul-

nerable Zones (NVZ) of 
agro-livestock origin, areas 
characterised by already 
contaminated waters or 
that could become such in 
the absence of adequate 
interventions. These meas-

ures must ensure that, for 
each agro-livestock farm, 
the average quantity of 
livestock manure distrib-
uted on the land, includ-
ing that deposited by the 
animals themselves, does 
not exceed each year a 
contribution of 170 kg of 
nitrogen per hectare. The 
limit for non-vulnerable 
areas is 340 kg of nitrogen 
per hectare;

• define and apply specific 
Action Programs in the 
NVZ that regulate the ag-
ronomic use of livestock 
effluents and the use of 
mineral and organic fertil-
isers containing nitrogen. 

Member States may submit a 
request for derogation to the 
European Commission in the 
NVZ up to a maximum limit 
of 170 kg/ha/year of nitrogen 
from livestock effluents. This 
request must be supported 
by detailed agro-livestock 
and environmental informa-
tion derived from previous 
and current monitoring data, 
which demonstrate how the 
increase in nitrogen quanti-
ties (generally up to 250 kg/
ha/year) do not compromise 
the quality of the under-
ground and superficial water.

THE NITRATE 
DIRECTIVES

+ Detailed study

Copyright © 2019 by FrancoAngeli s.r.l., Milano, Italy.  ISBN 9788891793324



MEAT AND THE ENVIRONMENT I 123

Energy consumption on farms
Energy consumption in livestock farms is 
due to the use of electricity for machinery 
and thermal energy to heat barns, food 
and water for washing. To reduce the im-
pacts related to energy use, beyond the 
obvious practices of consumption con-
tainment, it is possible to use renewable 
energy production. In addition to the case 
of the biogas already mentioned, the large 
availability of space (think of the roofs of 
the breeding farm) permits the creation of 
interest for solar energy.
The improvement of the efficiency of so-
lar panels, as well as their duration and 
the low maintenance need of the systems, 
have made some applications in the live-
stock/agricultural sector very interesting 
(for example on the roof of shelters, barns 
and sheds).

The main applications of the production 
of energy from solar sources are the ex-
ploitation for thermal uses and that for 
the production of electricity. These sys-
tems, as well as the production of biogas 
through anaerobic digestion, allow the 
reduction of direct energy consumption 
related to the breeding stage (which are 
usually modest).

The use of these systems is quite wide-
spread, thanks also to the interventions 
of economic support made over the years 
by the Italian government. By way of ex-
ample, the case presented is shown in 
the EPD of the COOP branded beef, which 
highlights the “virtual” energy mix used 
in the barns of the reference supply chain.

Medium energy mix used in Italian barns for the environmental declaration of COOP branded adult 
bovine meat28.
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Water consumption in breeding farms
The water consumption on breeding 
farms is largely influenced by the use of 
water for washing: the reduction of waste  
passes through procedures that prevent 
the generation of dirt.
Another consumer item is the one linked 
to drinking troughs, whose volumes de-
pend on many factors such as health sta-
tus, microclimatic conditions, type of feed 
and drinking system. Also in this case the 
technology can limit consumption, allow-
ing the minimisation of waste without af-
fecting animal welfare.

1.5 Slaughter and transformation

The “industrial” phase in the meat supply 
chain starts at slaughter and ends with 
the creation of products that are placed 
on the market. As with all processes, the 
environmental aspects relate to the use 
of energy and water, as well as the gener-
ation of waste.
It should however be noted that in the 
whole life cycle of foodstuffs the process-
ing part is the least problematic from an 
environmental point of view, both because 
the impacts are quantitatively smaller 
than in the other phases, and because 
they are concentrated in a few points with 
high technological concentration, which 
makes it possible to maximise efficiency: 
consumption reduction and better waste 
management are in fact first of all a pre-
rogative to reduce costs.

Waste or by-products?
The transformation of meat involves the 
generation of a large quantity of products 
that, although not intended for human 
consumption, are a secondary resource 
very useful for other processes. The 
management of this waste is quite com-

plex, because it is necessary to distin-
guish between by-products, co-products 
and waste, in a context where legislation 
is rather attentive in avoiding practices 
that pose a risk to human health. 

The by-products are in fact divided into 3 
families29: 
• category 1 (parts of regularly slaugh-

tered cattle such as skull, entrails or 
carcasses of sick animals, etc.), in-
tended for incineration;

• category 2, which includes manure, 
stomach contents of ruminants or dead 
animals in general;

• category 3, which includes materials 
with characteristics that would also 
make them suitable for human con-
sumption (e.g. fat or bone), but are in-
tended for other uses (such as produc-
tion of pet food). 

Without prejudice to compliance with 
the legislation and focusing attention on 
by-products destined for a second use in 
other productive systems, the industry is 
trying to exploit as much as possible the 
research and innovation achieved in the 
scientific field to give added value to the 
by-products of animal origin, going well 
beyond the usual profitability. In fact, 
there are many possible uses: human or 
animal food, feed, pharmaceuticals, fer-
tilisers and by-products to generate bio-
diesel30. 

It should also be remembered that the or-
ganic material that cannot be recovered in 
other productions can be sent to anaero-
bic digestion for the production of biogas, 
and therefore of renewable energy, with 
the environmental and economic advan-
tages already discussed previously in the 
part concerning the treatment of manure.
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1.6 Distribution

The life cycle analysis approach allows 
processes to be examined with a com-
plete logical system, sometimes leading 
to non-intuitive results and considera-
tions. One of these are, for example, the 0 
km products which are considered “sus-
tainable” from an environmental point of 
view, intended as those which travel the 
least kilometres possible, from the place 
of production to the point of sale and con-
sumption.

The basic idea would be to reduce the en-
vironmental impact that the transport of 
a product entails, for example by reduc-
ing carbon dioxide emissions. It is not 
obvious, however, that consuming local 
products entails a reduction of the total 
CO2 emissions of the food, as it is quite 

simple to show that transport has an 
almost irrelevant impact on the overall 
cycle. Comparing the impact on produc-
tion and distribution of different agri-food 
products, it is clear that transport is rel-
evant only for those characterised by a 
“simple” supply chain, such as fruit and 
vegetables. In the case of more complex 
products, such as meat or cheese, the 
environmental burden associated with 
distribution is almost as irrelevant, con-
sidering the impacts of the entire supply 
chain. For complex supply chains it is 
therefore much more important to focus 
on efficient processes with little impact, 
rather than on “neighbouring” products.
The advantage of “0 km” comes from oth-
er points of view, such as the promotion 
of the regional agri-food heritage and the 
drive to rediscover territorial and cultural 
identity.

CARBON FOOTPRINT

Source: Marino M., Pratesi C.A. “The Perfect Food”, 2015

Transport by truck, train or ship: CO2 eq emissions related to the transport phase are always 
very low compared to those related to the production phase, except for fruit where long 
distance transportation (5 or 10,000 km) can have a relevant impact on the total.
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Can cows cause more cli-
mate change than cars? 
How can this be possible? 
When comparing direct 
emissions, the global out-
put of livestock is much 
below the one of transpor-
tation.

In 2006, the FAO stated that 
livestock represents a larg-
er issue than transporta-
tion with respect to climate 
change, leading to 18% ver-
sus 14% of the greenhouse 
gas (GHG) emissions. This 
news aroused incredulity 
and perplexity, and in fact, 
many objections were com-
ing from experts in the field. 
A trenchant critique was giv-
en by prof. Frank Mitloehner 
(UC Davis, USA), protesting 
against the unfair use of LCA 
data for livestock but not for 
transportation, so that a di-
rect comparison was not jus-
tified. This was a pertinent 
remark, acknowledged by a 
representative of the FAO in 
2010. When comparing di-
rect emissions instead (due 
to the lack of a common LCA 
framework), the calculated 
global output of livestock is 
even much below the one of 
transportation (5% versus 
14%). Moreover, in its “Tack-
ling climate change through 

livestock” report from 2013, 
the FAO modified its LCA-
based estimate of 18% for 
livestock to 14.5% based on 
an improved methodology 
using the GLEAM framework 
(corresponding with 7.1 out 
of 49 gigatons CO2-eq/y). 
In other words, the cows-
are-worse-than-cars slogan 
was shown to be a fiction. 
Yet, anti-meat militants are 
not very eager to update 
their credo and keep on par-
roting the same line over and 
over again. Within livestock’s 
overall 14.5% contribution, 
most of the blame goes to 
cattle. Beef and milk are said 
to be responsible for 41% 
and 20% of the emissions, re-
spectively. Enteric methane 
fermentation and animal 
feed have been identified as 
the largest causes, whereas 
the rest has been ascribed to 
other factors such as manure 
decay. Enteric fermentation 
by ruminants indeed gen-
erates substantial amounts 
of methane (which is mostly 
belched by the cows, so it is 
not even about the “farts” 
in the first place). The latter 
correspond to some 29% 
of the total anthropogenic 
methane emissions world-
wide. Methane receives a 
lot of attention because it is 

known to be a more potent 
GHG than carbon dioxide 
(28x), but not so potent as ni-
trous oxide (265x). Because 
of its potency, methane is 
said to be responsible for 
about 16% of the total GHG 
emissions, when expressed 
as CO2-eq. However, where-
as methane emissions in-
creased massively during the 
post-industrial era, they are 
now levelling off, in contrast 
to the ever-increasing CO2 
levels.

Globally, the calculated total 
emissions of methane are 
almost in tune with the to-
tal sinks, where it not for the 
fact that calculations have 
been underassessing the 
massive methane emission 
leaks from the oil and gas 
supply chain, according to a 
recent study published in Sci-
ence (Alvarez et al. 2018). It 
is of primordial importance 
to point out that methane 
has a short lifetime and can 
thus still be mitigated, while 
the more worrying effect is 
related to CO2, which is out 
of control.
The conventional metric 
viewing methane as many 
times more harmful than CO2 
is misleading, not in the least 
because the kinetics of at-

CAN COWS CAUSE MORE CLIMATE CHANGE 
THAN CARS?
edited by Frédéric Leroy*
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mospheric stabilisation are 
very different. Stabilisation 
of methane can be obtained 
by a drop of 30%, whereas 
CO2 can only be stabilized 
upon a massive reduction 
(80%), whereby the lifetime 
of the former is in the order 
of 10 years and that of the 
latter of hundreds of years. 
Nonetheless, cows are usual-
ly taking most of the blame. 
Traffic, interestingly, seems 
to get away with it, although 
the latter largely drives CO2 
levels and has been increas-
ing spectacularly over the 
last decades. And what is 
worse: traffic’s impact on 
CO2 levels is expected to up-
surge in the coming years, as 
both air and land traffic will 
continue to develop, espe-
cially in emerging countries.
Not only do methane emis-

sions have to be put in per-
spective, analysis should 
also take into account re-
gional variability. In the US, 
for instance, direct emis-
sions by livestock have been 
estimated at 4% by EPA, far 
below the impact on GHGs 
by transportation (28%), 
electricity (28%), or indus-
try (22%). Taken ad absurd-
um, an elimination of all US 
livestock would only result 
in a 2.6% reduction in the 
country’s GHG emissions, 
corresponding to a global 
difference of only 0.4%. Fur-
thermore, the presence of 
large amounts of ruminants 
on US territory is not even 
a recent phenomenon. Far 
from that: over 60 million bi-
son must have been roaming 
the North-American plains 
before the 19th century. To-

day’s cattle produce more 
GHGs than the native bison 
but maybe not all that much.

It is worth mentioning that 
the US also harbours a mas-
sive population of pets, 
which rely on feed that 
creates an environmental 
impact equalling 25-30% of 
that of animal production. 
Understandably, almost no-
body dares to put the latter 
sensitive issue on the table 
when arguing for a drastic 
reduction in meat consump-
tion. Neither is it being stat-
ed that going vegetarian in 
an industrialized country will 
not cut your GHG emissions 
all that much: not the of-
ten-promised 50% but more 
likely 4% (or even only 2% as 
“rebound” effects need to be 
accounted for as well).
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Things become even more 
problematic for anti-meat 
campaigners when GHG 
emissions are expressed on a 
basis of essential amino ac-
ids instead of weight (which 
is a common but meaning-
less metric) or energy density 
(which overlooks nutritional 
quality). Not only would the 
impact of crops such as rice 
and cauliflower then exceed 
the one of beef, even the pro-
duction of peas would be-
come more emissive than the 
one of pork or chicken. Nutri-
ent density matters – which 
is conveniently ignored – and 
animal products are by far 
the most nutrient-dense and 
nutrient-complete foods in 
the human omnivorous die-

tary spectrum. So why is that 
rice is never blamed for dam-
aging the environment, not-
withstanding the fact that its 
nutritional value is very low 
in comparison to meat and 
its cultivation is a main driv-
er of methane emissions too 
(10% of the global anthropo-
genic methane production)?

Although industrialized 
countries have been effec-
tively reducing their methane 
output from cattle during 
the last decades, develop-
ing countries have been wit-
nessing an increase. A 30% 
reduction can nevertheless 
be achieved globally if all 
producers would adopt the 
practices used by the 25% 

most efficient ones. Several 
options are available, from 
the use of feed additives to 
regenerative grazing. Inter-
estingly, the latter may even 
create a net emissions sink, 
by drawing more carbon into 
the soil than the methane 
produced by the cows. Opti-
mized deployment and man-
agement of ruminant herds 
may thus not only contribute 
to a more sustainable food 
system based on the princi-
ple of soil carbon sequestra-
tion, but also by facilitating 
the provision of ecosystem 
services. In line with the vi-
sion of the FAO, policy mak-
ers need to acknowledge 
that “the livestock sector 
should be part of any solu-
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tion to climate change” (my 
emphasis), highlighting the 
global importance of animal 
husbandry, contributes to 
the livelihoods of innumer-
able rural farmers, and has 
the potential to increase ed-
ucational attainment and to 
reduce gender inequalities in 
developing countries.

Although livestock indisput-
ably contributes to the emis-
sion of greenhouse gasses 
into the earth’s atmosphere, 
it is unfair to depict this long-
standing fundament of hu-
man civilization as the main 
cause for climate deterio-
ration. A single return flight 
from Rome to Brussels gen-
erates much higher emis-
sions than the annual con-
sumption of meat and cold 
cuts of a single person, so 
can we just blame prosciut-
to while organising our next 
city trip? The real problem 
we need to face is an unpop-
ular one: hyperconsumerism 
and an unbridled exploita-
tion of fossil fuels. Burning 

of the latter is brutally re-
leasing enormous amounts 
of carbon – that had been 
sequestered for millions of 
years – into the atmosphere 
at a yet unseen rate. Instead, 
animal products are now 
used as a convenient scape-
goat, rather than as respect-
ed contributors to healthy 
and sustainable diets, whilst 
the root causes of climate 
change remain mainly unad-
dressed.
In the meanwhile, multina-
tionals and venture capital 
funds have discovered the 
gold mine of the “plant-
based” hype, which mostly 
translates into abomina-
ble imitations of meat and 
dairy products. Easy profit 
is generated through the 
ultraprocessing of cheap in-
gredients (protein isolates, 
starch, and oil), generated 
from biodiversity-obliterat-
ing monocultures through 
the application of fossil fu-
el-derived fertilizers and by 
depleting valuable topsoil. 
For now, the public anti-live-

stock narrative needs to be 
maintained, so have decided 
the powers that be.

Let me be clear: it is our 
moral obligation to address 
any food production system 
that has detrimental effects 
on the environment. That 
is true for certain livestock 
systems, as well as for cer-
tain crops, of which some 
are particularly devastating 
indeed (cf. the cultivation 
of avocados in Mexico and 
the greenhouse apocalypse 
in Almeria). Distorting the 
data for ideological purpos-
es is scientifically dishonest 
and socially irresponsible. 
More importantly, rather 
than focusing on sustainable 
diets as such, we urgently 
need shift the attention to 
lifestyles. Unfortunately, the 
growing influence of ideolog-
ical agendas, the perverting 
interventions by vested in-
terests, and the contempo-
rary post-truth environment 
do not make the debate any 
easier.

Source:  http://carnisostenibili.it/en/can-cows-cause-more-climate-change-than-cars/

* After having studied Bio-engineering Sciences at Ghent University (1992-1997), prof. Leroy 
obtained a PhD in Applied Biological Sciences at the Vrije Universiteit Brussel in 2002, where 
he continued his academic career at the research group of Industrial Microbiology and Food 
Biotechnology (IMDO) as a post-doctoral fellow of the Research Foundation Flanders (FWO). 
Since 2008, he holds a professorship in the field of food science and (bio)technology.
His research primarily deals with the many ecological aspects and functional roles of bacterial 
communities in (fermented) foods, with a focus on animal products. In addition, his interests 
relate to human and animal health and wellbeing, as well as to elements of tradition and 
innovation in food contexts.
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HOW TO CALCULATE 
THE ENVIRONMENTAL 
SUSTAINABILITY OF FOOD312

When we talk about sustainability, very 
often we tend to deal mainly with the envi-
ronmental issue. However, it is clear that 
when we talk about food, and especially 
about what derives from animal produc-
tion, the analysis must be complete and 
must also include other aspects, as is be-
ing undertaken with this report.
Remaining still in the environmental field, 
it is important to clarify some aspects of 
methodology to avoid the indicators be-
ing used in an inconsistent way relative to 
their purpose, reaching results and con-
clusions that are not completely correct.
A little study on some of these aspects 
can be useful, referring to specific texts 
for further information.

2.1 Are impacts all the same?
 The importance of the context

Very often within the term “environmen-
tal impact” two phenomena are confused 
which, in fact, are clearly distinct: it would 
be more correct to divide between envi-
ronmental aspects and impacts. An en-
vironmental aspect is any interaction 
between a human activity (for example 
a production process) and the environ-
ment, while the environmental impact 
is the alteration (positive or negative) 
that the environment undergoes32. The 
introduction of pollutants into a river is 
an environmental aspect, but the damage 
to aquatic organisms caused by the sub-
stances released is an environmental im-
pact. The difference between cause and 

effect may seem to be a purely academic 
distinction, but in reality it is very useful 
to describe the next concepts better. In 
particular, it should be stressed that the 
relationship between environmental as-
pects and impacts is not always obvious 
and can be influenced by different issues.

One is time: under certain conditions, the 
environment has the ability to dispose of 
the effects of pollution immediately and 
to return (almost) to its initial state. How-
ever, this natural phenomenon has lim-
its: when the environmental aspects are 
excessive and too pressing, the ability of 
“self-repair” comes less and the environ-
mental impact manifests itself33. Almost 
like when alcohol is consumed: this does 
not create problems if the doses and fre-
quencies of consumption are such as to 
allow the body to eliminate this form of 
“pollution”. When consumption is instead 
exaggerated (as in the case of environ-
mental aspects that are too frequent or 
too large), then you get drunk (high im-
pact) and sometimes the damage is irre-
versible. 
Then there is the context, i.e. the local 
conditions in which the environmental as-
pects are manifested, which is fundamen-
tal for the quantification of the damage 
(impacts) generated: if a production pro-
cess is characterised by repeated emis-
sion of 10 grams of pollutant in water, the 
relative impact will be very different if this 
happens in a small mountain lake or in the 
middle of the Atlantic Ocean.
Other phenomena that influence the dif-
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ference between aspects and impacts 
are the chemical-physical and biological 
mechanisms that occur in the environ-
ment following the release of a pollutant. 
This is the case of fertilisers for exam-
ple: once nitrogen is supplied to the soil 
through their use, the biochemical reac-
tions of the soil lead to the formation and 
release of nitrous oxide (N2O) into the air, 
which has a far greater impact than the 
initial nitrogen fertiliser.

2.2 Local and global impacts

An additional variable to consider is the 
distance between the appearance of the 
environmental aspect and the damage 
generated.
If, for example, the machinery of a large 
production plant generates noise in plac-
es very distant from each other, the en-
vironmental aspects (therefore the noise) 
will not add up and every machine will 
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