
  

 

 

  SIK  

 

 

SIK report 844 

Environmental impacts from livestock 

production with different animal welfare 

potentials – a literature review 
 

Christel Cederberg 

Maria Berglund 

Jenny Gustavsson 

Magdalena Wallman 

2012



 



  

  SIK  

 

 

 

 

 

 

 

 

 

 

 

 

SIK report 844 
 

 

Environmental impacts from livestock production with 
different animal welfare potentials – a literature review 

 

 

 

 

Christel Cederberg 

Maria Berglund 

Jenny Gustavsson 

Magdalena Wallman 

 

2012 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ISBN: 978-91-7290-314-2 

 





  

  SIK 5 

SUMMARY 

There is a rising awareness of the many negative environmental impacts related to the 

rapidly growing global production and consumption of animal products, such as land 

degradation, biodiversity losses, emissions of nutrients (most importantly nitrogen and 

phosphorus) and greenhouse gases. Life Cycle Assessment (LCA), and, more recently, 

Carbon Footprinting (CF), have become the major methods to assess the environmental 

performance of livestock production, and today there is access to relatively 

sophisticated and standardised methods for Carbon Footprinting. Results from LCA/CF 

research and consultancy work are used in the industry, by policy makers and also, 

recently, by consumers. 

 

Animal welfare is not included in current LCA or CF analyses of food production 

systems. The lack of data on animal welfare which is comparable with environmental 

LCA data means that there can be inadequate knowledge of how sustainable animal 

production systems can and should develop. This knowledge gap is the background for 

this study which was commissioned by Compassion in World Farming (CIWF). 

Method 

This study is based on a thorough literature review of scientific reports on the 

environmental impacts of milk, meat and egg production. The reports reviewed were 

mainly LCA and CF studies. Peer reviewed papers and recent, high quality reports that 

compare and present results from differing production systems were examined in more 

detail.  

 

There is limited or no information about animal welfare in the studies analysed. One 

way to deal with this limitation is to consider grazing and/or organic farming systems 

and different types of free-range systems as a proxy for systems with a greater potential 

for higher farm animal welfare. 

Results and limitations 

Of the studies examined, all include emissions of greenhouse gases from animal 

production (although emissions due to land use and land use change are seldom 

included) and most of the studies present figures on energy use, land use, eutrophication 

and acidification. Few studies include use of pesticides or toxicity assessments, 

phosphorous use or other resource depletion. Assessment of biodiversity is included in 

only one study, whilst land quality and medicine use are not included in any of the 

studies reviewed. Land use is quantified in a number of studies, but they do not include 

any classification of the quality of land. This makes it hard to determine the amount of 

prime arable land needed versus the amount of upland or marginal land used in farming 

systems that have the potential for higher or lower animal welfare. Some indicators are 

given as the sum of total pollutants (e.g. eutrophying and acidifying substances) but 

their distribution over time and space is not measured. Also, the sensitivity of the 

ecosystems where those pollutants are assumed to be deposited is not considered. 

Therefore, those indicators do not reflect actual impact on the environment.  

 

There is a large range in the number of studies for different livestock products, with 30 

studies covering dairy and only eight studies covering eggs – two of which partly share 

the same data source. Many published LCA/CF-studies are based on farm data 

(especially for dairy production), while some are limited to modelling farming systems. 

Which approach provides the most reliable results is determined by the quality of the 

farm inventory data and the quality of the models. Most of the reviewed studies are 
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based on farms in industrialised nations with an emphasis of Western Europe. Studies 

based on modelled data have a tendency to produce results which were different to the 

larger body of studies based on farm data. The use of statistical analyses in all except 

the dairy studies was limited.  

 

An assessment of the availability and quality of the data and literature available for the 

environmental impacts of livestock systems provides key insights: 

 

 Some livestock products are more frequently studied, such as dairy, while 

others are poorly covered in LCA/CF-studies, including pigs, chicken meat 

and eggs.  

 

 Some environmental impacts are often studied, such as emissions of 

greenhouse gases (although seldom including emissions due to land use and 

land use changes), while others are poorly covered, e.g. biodiversity. 

 

 Land use is only presented quantitatively and there is a lack of information 

on the quality of the land needed for different livestock production systems. 

  

 The measure of some environmental indicators is not necessarily equivalent 

to an environmental impact, for example the sensitivity of the ecosystems 

where eutrophying and acidifying pollutants are assumed to be deposited is 

not considered. 

 

 Lack of consistent methodologies in published LCA/CF studies, e.g. 

variations in how data are acquired (real farm data versus farm modelling) 

or method for co-product handling makes it difficult to compare different 

livestock production systems from different studies.  

 

 LCA/CF-studies are more frequently available for animal production in 

Western Europe than for livestock farming in the global south. 

Dairy  

Dairy is the most frequently studied production category (30 studies in total), nine of 

which include analyses of farming systems with differing animal welfare potentials. 

Review of these nine studies finds that differences in environmental impacts of milk 

between different production systems in industrialised countries, and Western Europe in 

particular, are well documented through LCA studies. Our analysis shows that dairy 

production systems with the potential for higher animal welfare (mostly organic) have 

lower energy and phosphorus use and substantially lower pesticide use than current 

standard conventional systems. Overall land use is higher in organic dairy systems. For 

climate change, eutrophication and acidification there were no consistent results 

between studies, indicating that no one system has an environmental advantage over the 

other.  

Beef 

Environmental assessments of beef were found in 21 published studies, of which seven 

were analysed further. Statistical analyses are included in less than half of these studies. 

Most of the studies come from Europe and are mainly based on modelled data; only a 

few include data from commercial farms. This presents difficulties in assessing the data, 

as beef is produced in a wider range of farming systems than is the case for milk in the 

industrialised world. Generally, the results of the studies for beef are also more difficult 

to interpret than those for dairy, since the methodology is less clear in beef LCAs. There 
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are clear overlaps between milk and beef production as over 50% of the world´s beef is 

produced from calves bred in dairy systems and meat from culled cows. In general, 

dairy cows produce a calf each year, to ensure continued milk supply. Calves are either 

raised as dairy cow replacements (heifers), killed at birth (mostly unwanted males), or 

raised for beef. Additionally, dedicated beef herds are kept for meat production. The 

reviewed LCA/CF-studies for beef do not always make it clear where the boundary lies 

between dairy and beef systems and how carbon emissions or other impacts are 

attributed. One study demonstrates that a reduction in greenhouse gas emissions from 

the beef sector can be achieved by producing beef from dairy calves (integrating the 

dairy and beef sectors), even where the bull is a dairy bull. This would reduce the need 

for beef herds and so reduce overall greenhouse gas emissions. The use of robust dual 

purpose dairy breeds may also be consistent with higher animal welfare and may be 

more suitable for beef production. 

 

With the limitations of the data in mind, the seven beef studies examined in depth 

illustrated a wide range in the production of greenhouse gas emissions between and 

within studies for different farming systems. Emissions of greenhouse gases are similar 

or higher for production systems with higher animal welfare. Eutrophying and/or 

acidifying substances are included in four studies, and according to these, emissions are 

higher for production systems with higher animal welfare. Land use (included in only 

two studies) is substantially higher for the extensive/organic systems, but land quality is 

not assessed. Pesticide use is significantly lower in organic systems than in conventional 

systems.  

Pig production  

Environmental assessment of pig production systems was found in 19 published studies, 

of which only four compare systems with different animal welfare potentials and these 

were selected for further analysis. The four studies analyse mixed-farming systems in 

Western Europe, are based on modelled data and do not include statistical analysis. This 

imposes considerable limitations on the analysis of the results and any conclusions 

drawn.  From the four studies considered, land use was lower in conventional systems 

whilst pesticide use was lower in organic systems. There were no consistent results for 

energy use or climate change parameters. 

Poultry production 

Environmental assessments of chicken meat and egg production systems were found in 

nine and eight studies, respectively. Three studies in each sector included comparisons 

of systems with the potential for higher or lower animal welfare and were selected for a 

more in-depth analysis. However, two of the studies for chicken meat and eggs partially 

use the same input data, which further limits the data pool. Only one of the selected 

poultry studies (egg) is based on inventory data from commercial farms and this study is 

also the only one including a statistical analysis. As with beef and pork, this imposes 

considerable limitations on the analysis of the results.  

 

There are too few studies and data sets to draw robust conclusions about the relative 

environmental impacts of conventional poultry farming systems and more extensive 

systems. Given the small sample size and paucity of farm-based data in poultry studies, 

there is a great need for more studies comparing the environmental impacts of different 

production systems before drawing robust conclusions on the differences in 

environmental performance of different farming systems for chicken meat and eggs.  
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General outcomes 

Published LCA/CF-studies that are suitable for in-depth analysis to compare the 

environmental performance of different livestock production systems are too limited to 

draw robust conclusions in many cases. No, or very little, information on animal welfare 

is available in the studies examining the environmental impacts of animal farming. 

Also, there is no consensus methodology currently available to assess animal welfare 

which is comparable to the environmental LCA methodology.   

 

Using the data available, no consistent differences in the environmental performance of 

farming systems with differing animal welfare potentials were found for most 

environmental indicators with the exception of land use and pesticide use/toxicity. 

Organic and more extensive systems require more total land area per unit of product, 

but there is very little data on the use of arable or marginal land per product and the 

impact of the land use. The second consistent finding is that organic systems 

consistently use less pesticide than conventional farming systems.  

Need for future research 

More research is needed on the interaction between milk and beef and how to make best 

use of the two sectors when developing production systems with lower environmental 

impact and higher animal welfare.  An interesting scenario to analyse in more depth is 

the development of a dual-purpose dairy system, suitable also for meat production. This 

could allow a reduction in the number of beef breeding cows which require large land 

areas and produce meat with a very high carbon footprint.  

 

It would be beneficial for new impact assessment studies to be more site- and area-

specific and to measure the environmental impact of farm activities rather than 

indicators from inputs and outputs. More detailed analysis of nitrate would allow greater 

understanding of the impact on the environment and drinking water quality.  

 

More complete LCA-studies of industrial production of pig and poultry are required. 

Livestock density may vary considerably between production systems. Hence, local and 

regional effects of high livestock density on small areas having regard to groundwater 

contamination, eutrophication and acidification should be included in such analyses. In 

addition, assessments should be based on validated data, e.g. representative data from 

commercial production units. Since industrial pig and poultry production are growing 

fast in developing countries, studies are needed from these regions.  

 

The strong focus on climate change in recent years has been an important driver for the 

development of consensus around methods for calculating carbon footprints of products.  

In order to have more complete information on the impacts of animal farming, there is 

an urgent need for a similar development of accepted methods which include 

biodiversity impact, land quality issues, medicine use and animal welfare issues, in 

order to increase information on sustainability in animal production systems. Also, the 

issues of land use change and land management are very important. GHG emissions 

caused by soil carbon changes due to land use management are poorly reflected in 

existing studies and there is a lack of consensus around methodology. GHG emissions 

due to direct and indirect land use changes are important and there is quite extensive 

research underway for developing mutual models and methodology.  

 

The growing use of veterinary medicines over the last 30 years, accompanied by 

growing problems of the development of resistant bacterial strains and emissions of 

medicines into the environment, is an important research field where more knowledge is 

needed generally. 
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The environmental and animal welfare impact of animal production also rests on overall 

levels of production and consumption and the efficiency of the supply chain. Other 

ways of reducing the environmental impacts of animal production systems are reducing 

production and consumption of animal products and reducing waste along the supply 

chain. More research on methods to reduce losses which have an impact on both 

environment and animal welfare, from early culling and death of animals due to disease, 

lameness or injury, would be useful. 
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1. INTRODUCTION 

During recent years there has been a rising awareness of the many environmental 

impacts caused by the rapidly growing global production and consumption of animal 

products. According to the FAO report “Livestock´s Long Shadow”, the global 

livestock sector is one of the top two or three most significant contributors to some of 

today‟s most important environmental problems, at every level, from local to global. 

According to this FAO study, the production of meat, milk and eggs is having a major 

impact on land degradation, climate change, air pollution, water shortage and loss of 

biodiversity. 

 

There is a growing interest and use of the environmental analysis method Life Cycle 

Assessment (LCA) which is now the major method used in the research of the 

environmental impact of livestock products. The recent focus on global warming has led 

to LCA being further developed as a tool for carbon footprint accounting, i.e. a method 

for estimating a product´s greenhouse gas emissions throughout its life-cycle. Today we 

have access to relatively sophisticated methods to calculate the environmental 

performance of meat, milk and eggs, and results from research and consultancy work in 

this area are used in the industry, by policy makers and, more recently, by consumers. 

Purpose of this study 

While there are standardised methods to assess the environmental burden of animal 

products, there are far fewer tools to assess and score animal welfare potential in 

livestock production systems. The lack of such tools means less information on animal 

welfare issues as opposed to environmental performance and how the issues of 

environmental performance and animal welfare relate to each other. This has resulted in 

an inadequate knowledge as to how a sustainable animal production system can and 

should develop, considering these two important aspects of production. LCA and carbon 

footprinting assess environmental impacts but do not include any aspects of animal 

welfare. This knowledge gap is the background for this study which has been 

commissioned by Compassion in World Farming (CIWF) and funded by CIWF, The 

Tubney Charitable Trust and the World Society of the Protection of Animals (WSPA).  

 

The study has several purposes: 

 

- Describe and analyse the most common methods and tools used for assessing the 

environmental impact of livestock production; 

- Investigate to what extent different livestock production systems can be 

environmentally assessed (scope of environmental problems, geographical 

extent etc); 

- Analyse differences in environmental impact between livestock production 

systems, including varying animal welfare standards; 

- Identify gaps of knowledge in the area of environmental performance in global 

livestock production systems in relation to important animal welfare issues. 

Method 

The method used in this work is a thorough literature review of scientific reports on 

environmental impacts from animal products with a focus on primary production in 

agriculture. Studies that compare production systems with distinct animal welfare 

potential are selected and analysed in more depth and the outcomes of these studies are 

compared for different impacts. Good animal welfare depends on a number of factors, 
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including good management, breeding (i.e. animals fit for their environment) and the 

conditions in which the animals are reared. Welfare potential describes how good 

welfare can be part of a farming system, and is determined by genetics and 

environment. Since there is limited information about animal welfare in the analysed 

studies, one way of dealing with this limitation is to consider organic production as a 

proxy for a system with a higher welfare potential. For dairy and beef, pasture-based 

systems, such as the New Zealand dairy model or extensive beef production systems, 

can also be used as proxies for systems with a higher welfare potential. For pigs and 

poultry, free-range systems, outdoor reared or certain indoor systems, such as deep-litter 

systems, can be used as proxies for systems with higher animal welfare potential. 

Systems with low welfare potential include close confinement systems such as the 

battery cage for laying hens and the sow stall for breeding pigs, as they fail to meet 

animals‟ basic needs for space to move and express natural behaviours. More extensive 

systems such as free-range and some indoor systems are described as having a higher 

welfare potential, although good management and stockmanship is required in all 

systems to meet their full welfare potential.  

 

In LCA and/or carbon footprint (CF) accounting studies, results can be significantly 

affected by methodology choices of the LCA executant.  Examples of important 

decisions include: setting system boundaries, co-product handling, and choice of models 

for estimating emissions of greenhouse gases and reactive nitrogen. Differences 

between animal production systems found in different studies can be a consequence of 

varying methodology choices rather than a reflection of reality. This is the main reason 

why a number of studies are singled out in which different animal welfare potentials are 

assessed with uniform methods. Studies for deeper analysis in this report were selected 

to include those with a standardised and thorough LCA methodology, from scientific 

papers/reports that are either peer reviewed or include well-documented and transparent 

methodologies. 

Structure of the report 

The report starts with a background section in which key environmental impacts 

connected to livestock production are described and the methodology of LCA and CF, 

which are closely related to one another, is presented. There is also a description of 

current gaps of consensual methods, for example for biodiversity impact assessment.  

The next chapter focuses on a description of two LCA research models developed in the 

UK and Switzerland and it provides an overview of recently developed tools for carbon 

footprint accounting to be used at farm level, by farmers and/or advisers.  

 

The literature review is presented in two parts: first, the list of total studies found which 

is presented by different animal product and includes information on the scope of 

environmental assessments in the studies. The second part includes the analysis of the 

selected publications comparing the environmental impact between production systems 

with different animal welfare potential, where similarities and differences are 

considered. In the final discussion, the results from the literature review are examined 

further in light of the environmental problems generally known to be associated with 

animal production, along with the limitations in the LCA methodology. Based on the 

findings from the analysis, conclusions are made, with a focus on identifying the need 

for more research. 
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2. GLOSSARY 

Allocation 

(through 

partitioning) 

Used in LCA to partition the environmental impact of a 

process or product system between several products that are 

i) produced in the same system, e.g. milk and beef from dairy 

cows, or ii) the input to a common process, e.g. various waste 

products that are landfilled at the same site. 

Black carbon “Soot”. Formed through incomplete combustion processes 

such as the burning of fossil fuels and biomass. 

By-product A co-product with substantially lower economic value than 

the other co-product(s) from the system. 

Carbon dioxide 

equivalents, CO2e 

Unit to compare the radiative forcing of greenhouse gases 

and relate it to carbon dioxide.  

Carbon Footprint, 

CF 

Total lifecycle greenhouse gas emissions attributed to 

provide a specific product or service. 

Carcass weight Slaughter weight, meat with bone. 

Co-product Any of two or more products (goods or services) coming 

from the same process or product system. Products are 

considered co-products if one of them cannot be produced 

without the other being produced, e.g. milk and beef from 

dairy cows. Co-products have economic value, in contrast to 

waste.  

Crop land Is here considered as arable lands and permanent crops. 

Arable lands include land under temporary crops (e.g. 

cereals), temporary meadows for mowing or pasture, land 

under market and kitchen gardens and land temporarily 

fallow. Permanent crops include crops that occupy the land 

for long periods and need not be replanted after each harvest, 

such as cocoa, coffee and vines. 

Denitrification Microbial reduction of nitrate to nitrogen gas. The process is 

anaerobic, i.e. occurs in the absence of oxygen.  

Enteric 

fermentation 

Digestive process by which carbohydrates are degraded by 

microorganisms and methane (CH4) is formed as a by-

product. CH4 emissions are high from ruminant livestock, 

e.g. cattle and sheep, since the microbial fermentation 

supports these animals with much of the nutrients they need.  

Eutrophication Process by which a body of water becomes enriched in plant 

nutrients (i.e. nitrate or phosphates) that stimulate the growth 

of aquatic plant life.  

Functional unit, 

FU 

Term used in LCA to denote the reference unit to which all 

inputs and emissions are related. The FU quantifies the 

service provided by the studied system.  

Grazing livestock 

production systems 

Production systems based mostly on grazing and feed from 

different types of grasslands, often found in marginal areas 

(also called pastoral systems). 

GtC Giga tonne carbon 

Life Cycle 

Assessment, LCA 

 

 

Total lifecycle environmental impact attributed to provide a 

specific product or service. Includes several environmental 

impact categories, e.g. climate change, eutrophication and 

acidification, and use of resources, e.g. land, phosphorus and 

water.   
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LULUC Land use and land use change 

Industrial livestock 

production system 

Production systems in which less than 10 per cent of the feed 

is produced within the production unit (so-called “landless” 

systems), mostly used for poultry and pork production. 

Mixed animal 

production system 

Production systems where cropping and livestock rearing are 

associated in mixed farming and more than 10 per cent of the 

feed comes from crops on farm. 

Nitrification Aerobic, i.e. require oxygen, microbial oxidation of 

ammonium to nitrate. 

Pasture Corresponds to “permanent pastures” as defined by FAO, i.e. 

land used permanently (five years or more) for herbaceous 

forage crops, either cultivated or growing wild. 

Primary energy Energy form found in nature that has not been subjected to 

any conversion or transformation processes, e.g. uranium, 

geothermic energy and biomass. 

Secondary energy Energy transformed from of other sources of energy. Some 

examples are electricity, gasoline and ethanol.   

System expansion Adding processes or products (and their related emissions) to 

a system. Used to make several systems that partly provide 

different products comparable.  

3. Abbreviations  

ADI Acceptable daily intake 

a.i. active ingredient 

AU Australia 

AT Austria 

BR Brazil 

CA 

CF 

Canada 

Carbon Footprint 

CH4 Methane 

CH Switzerland 

CO2 Carbon dioxide 

CO2e Carbon dioxide equivalents  

CW Carcass weight 

DBC Dairy bull calf system 

DK Denmark 

DMI Dry matter intake 

ECM Energy corrected milk (e.g. milk with 3.4 % protein and 4 % fat content) 

EF Emission factor 

ES Spain 

EU27 The 27 member states of the European Union 

FAO Food and Agriculture Organization of the United Nations 

FCM Fat corrected milk (i.e. milk with 4 % fat content) 

FN Finland 

FR France 

FU Functional unit 

GHG Greenhouse gas emission(s) 

HSCW Hot standard carcass weight 

IE Ireland 

ILUC Indirect land use change 

IPCC Intergovernmental Panel on Climate Change 

ISG Indicator species group 

ISO International Organisation for Standardisation 
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IT Italy 

JP Japan 

LCA  Life cycle assessment 

LCI Life cycle inventory 

LUC Land use change 

LULUC Land use and land use change 

LULUCF Land use, land use change and forestry 

LW Live weight 

MS Milk solids 

Mton Million tonnes 

N Nitrogen 

N2O Nitrous oxide 

NH3 Ammonia 

NL Netherlands 

NO Norway 

NO3
-
 Nitrate 

NZ New Zealand 

P Phosphorus  

PE Peru 

PT Portugal 

SALCA Swiss Agricultural Life Cycle Assessment 

SCC Suckler-cow calf system 

SE Sweden 

SOC Soil organic carbon 

UK United Kingdom 

US United States 

UNFCCC United Nations Framework Convention on Climate Change 
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4. KEY ENVIRONMENTAL IMPACTS CONNECTED WITH ANIMAL 
PRODUCTION 

Nutrient-related impacts 

The mismanagement of nutrients is one of the important negative environmental 

impacts of livestock production. Emissions of reactive nitrogen (N) from the animal 

product chain are significant contributors to eutrophication, acidification and climate 

change. Phosphorus (P) emissions also contribute to eutrophication. Its high use in 

agriculture causes rapid depletion of an important non-renewable resource, phosphate 

rock. Livestock absorb between 15-40% of the N and P ingested in their diet, and 

consequently the majority of these nutrients in feed ends up in the manure. The high 

concentration of nutrients in livestock manure makes aspects of management and 

application of manure essential when assessing the environmental impact of livestock 

production and analysing mitigation options. 

 

Mismanagement of nutrients in the animal production chain is one reason for the large 

negative human interference with global N and P cycles. In 2005, over 100 million 

tonnes (Mton) of N in synthetic fertiliser and leguminous plants were used in global 

agriculture, but only 17 Mton of N were consumed by humans in the form of crops, 

dairy and meat products. This highlights the extremely low efficiency in N-use in 

modern agriculture which has changed for the worse over recent decades; the global 

nitrogen-use efficiency of cereals decreased from ~80% in 1960 to ~30% in 2000 

(Erisman et al., 2008). In addition the P cycle has large deficits according to Cordell et 

al. (2009), less than 20% of the yearly mined phosphate rock aimed for fertilisers ends 

up as phosphorus in human food.  

Nitrogen 

The anthropogenic input of nitrogen to the biosphere has grown substantially since the 

1950s due to the need for increased food production. Annually it is estimated at around 

140 Mton of N, of which ~85 Mton are industrial fertiliser production, ~33 Mton are 

biologically fixed in leguminous crops and ~21 Mton are produced in combustion 

processes and emitted as nitrogen oxides (Erisman et al., 2011). Consequently, around 

120 Mton of new reactive nitrogen (synthetic fertilisers and leguminous crops) is used 

in agriculture every year, see Figure 1. 

 

 
Figure 1. Yearly anthropogenic input of nitrogen (N) to the biosphere in the early 2000s. 
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Nitrogen excreted from livestock globally in manure is estimated by Beusen et al. 

(2008) at 112 Mton (range 93-132 Mton) per year, equivalent to the input of new 

reactive N to agriculture. N in manure is distributed as about two thirds in mixed and 

landless systems
1
, 20% in pastoral systems

2
 and around 15% ending up outside the 

agricultural system (e.g. manure used as fuel), see Table 1.  

 
Table 1. Global estimate of nitrogen in excreted manure for the year 2000. 

Livestock system Manure N, Mton per yr 

(range) 

Share 

Mixed and landless systems 74 (58-92) 0.66 

Pastoral systems 22 (15-31) 0.20 

Non-agricultural, e.g. fuel 16 (6-29) 0.14 

Total 112 1.0 
Source: Beusen et al., 2008 

 

Ammonia from livestock manure is a major pathway of losses of reactive N from 

agriculture. Beusen et al. (2008) estimate total ammonia losses at about 21 (16-27) 

Mton NH3-N per year, 44% (31-55%) of this comes from animal housing and storage 

systems, 30% (23-38%) from spreading of manure and 27% (17-37) from grazing 

animals, see Figure 2. Ammonia emission rates are generally lower for grazing systems 

compared to mixed/land-less production systems, in which ammonia emissions occur in 

several steps of the manure handling; in housing, storage and when spreading manure 

(Beusen et al., 2008).  

 

 
Figure 2. Distribution of global ammonia losses from livestock. 

 

Nitrogen from agricultural land, mostly leached nitrate, is a major contributor to the 

eutrophication problem and to nitrate pollution of groundwater which is a recognised 

risk for its use as drinking water. Excess inputs of N and P into surface waters can lead 

to algal growth, oxygen deficiencies and fish mortality. Bouwman et al. (2009) estimate 

losses of N in leaching and erosion in the year 2000 at around 40 Mton N globally. The 

indicator Nitrogen loading indicator is used for assessing watershed nutrient loads and 

shows that in Europe, water pollution from nitrogen is mainly the result of livestock 

production and fertiliser use. In India and southern parts of South America, livestock 

production is the dominant contributor while in North America and China fertilisers 

                                                 
1
 Mixed systems are defined as livestock systems where 10-90% of animals feed is produced at the farm; 

landless system is defined as systems where <10% of feed is produced at the farm. 
2
 Pastoral systems are extensive systems producing beef and milk and cattle are principally grazing all 

year around. 

Animal housing and 
manure storage 

Manure spreading 

Grazing animals 
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dominate the total N load (Erisman et al., 2011). However, when applying a life cycle-

perspective on these findings, considerable share of N-fertilisers are used in feed crops 

(e.g. 60% of the European cereals are used for feed), thus the leaching from these crops 

should be attributed to the livestock sector. 

 

Emissions of the greenhouse gas nitrous oxide (N2O) also represent a loss of reactive N 

in agriculture, but in absolute terms, they account for far smaller loss than those from 

reactive N as ammonia and nitrate. Denman et al. (2007) estimates that around 2.8 Mton 

of N yr
-1

 (1.7-4.8) is lost as N2O-N from agriculture, mainly due to denitrification and 

nitrification processes in the soil, and nitrogen transformations in manure. 

Phosphorus 

Mined phosphate deposits are mainly used in food production; as fertilisers (80%) and 

mineral feed (5%), while the remaining 15% goes to industrial uses, mostly detergents. 

At current usage levels it is estimated that today´s economically exploitable resource 

will be depleted within 125 years and total reserves (the “reserve base”) within 340 

years (Smit et al., 2009). However, when the expected increase in world population, the 

projected growth in meat production and consumption and the anticipated increase in 

biofuel crops in agriculture are all taken into account, exploitable resources will only 

last for around 75 years, unless improvements are made in the efficiency of use of 

phosphorus in agricultural systems (Smit et al., 2009). 

 

In the early 2000s, fertiliser use was roughly 15 Mton of P per year in agriculture. As a 

global average, Cordell et al. (2009) estimate that approximately 15 Mton of P is 

produced in livestock manure annually of which around half is returned to agriculture 

and the rest is lost via land-fill, non-arable soils and waters. Phosphorus in human 

excreta makes up about 3 Mton of P per year, of which only around 10% is returned to 

agriculture. In Figure 3, the annual P flows in synthetic fertilisers, manure and human 

excreta are illustrated. It is obvious that livestock manure and human excreta must be 

better recycled to agriculture in order to reduce the continuous growth in use of fertiliser 

phosphorus.  

 

   
Figure 3. Yearly P flows in fertilisers, manure and human excreta. Based on Cordell et al. (2009). 

 

Approximately half of global P fertilisers are used in cereals. This means that animal 

production is a major driver in the depletion of the phosphorus resource, as worldwide 

around 30% of cereals are used as livestock feed. In Europe this share is 60%. The 

important protein source soybean is another P-demanding crop. P-fertilisation has 
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largely contributed to the expansion of soybean cultivation in Cerrado biome in Brazil 

and further expansion is dependent on synthetic P fertilisers. On average, 28 kg P are 

added per hectare per year in Brazilian soybean production. The prognosis for a 

significant increase in soybean volumes by 2020 suggests an input of at least 0.8 Mton 

of P per year to meet the demand in 2020. This amount of fertiliser will then be at least 

4.5% of the current global use of fertiliser P, which is a substantial amount for one crop 

in one country (Smit et al., 2009).  

 

When cereals are used as livestock feed there is a substantial P-flow from the fertiliser 

input in crops to livestock production units. Besides the P-flow in cereals that are fed 

directly, feed co-products from cereals and pulses (e.g. wheat bran, rapeseed cake) also 

result in large P-flows into livestock production. For example, after milling wheat, the 

bulk of the P in the grain is in the co-product wheat bran, while the flour for human 

consumption has a low P content. After extraction of soybeans and rapeseed, most of 

the crop´s uptake of P is destined for the feed co-product meal/cake. The vegetable oil 

produced only holds a small amount of P. Production of pork and poultry animals in 

particular leads to large P-flows from mined fertiliser phosphates to crop production 

(grain and soybeans) via feed and food industry to concentrates used to feed the 

animals. 

 

Since the main part of P in livestock feed ends up in manure, inadequate recycling of 

manure results in soil P accumulation in regions with high livestock density. In 

Denmark, where agriculture has a long tradition of animal husbandry, 1.4 ton of P per 

hectare of arable land was accumulated during the 20
th

 century (Poulsen and Damgaard, 

2005), i.e. around 14 kg P per hectare per year. In the Netherlands, where there has been 

a strong increase in intensive pig and poultry production since the 1950s, combined with 

imported feed, an accumulation of soil P at around 2 ton of P per hectare of arable land 

has occurred. In 2005, agricultural soils accumulated on average 20 kg of P per hectare 

in the Netherlands while the balance for agricultural soils in EU27 had an average 

surplus of around 8 kg of P per hectare (Smit et al., 2009). Continuous soil P-

accumulation poses an increased risk of P-leaching from agricultural soils (Heckrath et 

al., 1995) and thus an increased risk of eutrophication in future. 

Land-related impacts 

Land occupation 

Agricultural land is divided into arable land and pasture and a significant share of this 

land is used for feeding the world´s livestock. By combining agricultural inventory data 

and satellite-derived land cover data, Ramankutty et al. (2008) estimate global arable 

land at 1,500 million hectares (Mha) and global pasture area at 2,800 Mha
3
 in the year 

2000, totalling around 4,300 Mha. Steinfeld et al. (2006) calculate that around one third 

of total arable land is used to provide feed for livestock, including primary crops such as 

cereals and co-products, important protein meal from oilseeds processing, and also by-

products from cereal processing and from citrus and sugar crops. This means that 

roughly 75% of all agricultural land today is used to produce feed for the world´s 

livestock, see Figure 4. 

 

                                                 
3
 Ramankutty et al estimate of global pasture is 18% lower than the standard FAOSTAT estimate of 3,440 

Mha. The major difference is found in Saudi Arabia, Australia, China and Mongolia and is likely due to 
the fact that pasture census data reported to FAOSTAT include grazed forestland and semi-arid land. 
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Figure 4. Share of global agricultural land (approximately 4,300 Mha) use for direct human 
consumption and for feed production to livestock (based on Ramankutty et al. 2008 and 
Steinfeld et al. 2006). 

 

Figure 5 presents regional trends for land use in agriculture between 1991 and 2001. 

The expansion of agricultural land is greatest in Latin America and sub-Saharan Africa, 

mostly at the expense of forest cover. In Asia (mainly South Asia) and Oceania there is 

an expansion of prime arable land. Europe and North America show a net decrease in 

agricultural land use which has been a trend for the last four decades, coupled with 

stabilisation or increase in forest land (Steinfeld et al., 2006). High intensification of 

agriculture since the 1950s is one explanation for this trend.  

 

  
Figure 5. Regional trends (annual growth rate, %) in land use for cropland and 
pasture between 1991 and 2001 (Steinfeld et al., 2006). 

 

Expansion of livestock production is a key factor in deforestation, especially in South 

America, where around 70% of deforested land is occupied by pasture. Feed crops 

(mainly soybeans) cover a large part of the remainder (Steinfeld et al., 2006). The 

environmental impacts caused by deforestation are both local and global. Besides 

emissions of greenhouse gases due to deforestation, important carbon sinks are lost 

when forest cover is removed and replaced with agricultural crops. Rainforests in the 

Amazon region regulate the water balance and flow over the entire Amazon River 

system, influence the pattern of climate and air chemistry over much of the continent 

and may facilitate the spread of vector- and air-borne diseases in the region (Foley et 

al., 2007). 
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Biodiversity 

Land use, and land use change such as deforestation, impact greatly on biodiversity. 

Sala et al. (2000) examined change scenarios in global biodiversity for the year 2100 

based on changes in atmospheric carbon dioxide, climate, vegetation, and land use and 

the known sensitivity of biodiversity to these changes. The study showed that for 

terrestrial ecosystems, land-use change is the most severe driver of changes in 

biodiversity. Conversion of temperate grasslands into arable land, or tropical forests into 

pasture results in local extinction of most plant species and the animals associated with 

them,  whose habitat is largely determined by the composition of plant species. In 

addition the Millennium Ecosystem Assessment lists land use change as the leading 

cause of biodiversity loss. 

 

Rapidly growing demand for livestock products is the most important driving force for 

expansion of soybeans in South America (Steinfeld et al.., 2006). In Brazil (a major 

exporter of soy products to Europe) much of the growth in soybean production has 

taken place in the Cerrado biome where more than half of approximately 200 Mha has 

been transformed into pasture with monoculture grass species and cropland in the last 

35 years. The Cerrado biome has the richest flora among the world‟s savannas (>7,000 

species) and high levels of endemism (species not found elsewhere in the world). 

Deforestation rates have been higher in the Cerrado than in the Amazon rainforest, and 

conservation efforts have been modest: only 2.2% of its area is under legal protection. 

Numerous animal and plant species are threatened with extinction (Klink & Machado, 

2005). 

 

The intensification of agriculture since the 1950s has contributed to biodiversity decline 

and loss across Europe. Major effects from livestock production are due to emissions of 

reactive N, the most important being ammonia. A number of valuable European habitats 

have been shown to be seriously threatened by atmospheric N deposition, including 

freshwater, species-rich grassland and heathland (Leip et al., 2010) due to increased  

competition of N-adapted species at the expense of less adapted species.  

 

Agricultural intensification has resulted in the homogenisation of large areas of 

Europe‟s rural landscape. Of special importance to livestock production is farming 

system specialisation (livestock versus arable) with the loss of mixed farming systems, 

and the creation of larger farming units leading to the removal of non-cropped areas and 

field boundaries (Leip et al., 2010). But there are also positive impacts from cattle 

farming; the biodiversity in European semi-natural grassland is very high and their 

management is dependent on grazing livestock. Very large proportions of Europe´s 

most threatened bird species, vascular plants and insects live in these grasslands and 

other High Nature Value farmland (Emanuelsson, 2008). 

Soil fertility 

Foley et al. (2005) estimate that due to increasing fertiliser use, some irrigated lands 

have become heavily salinized, causing the worldwide loss of 1.5 million hectares of 

arable land per year, along with an estimated $11 billion in lost production. Up to 40% 

of global croplands may also be experiencing some degree of soil erosion, reduced 

fertility or overgrazing. Pasture degradation related to overgrazing and lack of nutrient 

replacement is a major problem for many of the world´s grassland area (Steinfeld et al., 

2006). 
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Greenhouse gas emissions 

The FAO report Livestock´s Long Shadow (Steinfeld et al., 2006) initiated discussions 

and research around the role of animal products in climate change. It claims that global 

livestock production contributes to about 18% of global anthropogenic greenhouse gas 

(GHG) emissions, which was roughly 7.1 billion tonnes CO2-equivalent (CO2e) in early 

2000 (Steinfeld et al., 2006). Emissions of fossil CO2 is of minor importance for the 

global livestock sector, rather CO2 releases from Land Use and Land Use Change 

(LULUC), mostly deforestation, are the overall dominating source of carbon emissions 

from the global livestock sector (see Figure 6). Feed digestion by enteric fermentation in 

ruminants is a major contributor to methane (CH4) emissions from livestock production 

but manure management is also important. Losses of nitrous oxide (N2O) from manure 

due to storage, spreading in fields (and thereafter soil-N- turnover) and indirectly also 

due to ammonia emissions from manure make up a substantial share of total GHG 

emissions (see Figure 6).  

 

 
Figure 6. Emissions of greenhouse gases (CO2, CH4 and N2O) from the global livestock sector (Steinfeld et al., 
2006). 

 

In a follow-up study, FAO estimates that the global dairy sector is responsible for 

approximately 3 – 5% (depending if including co-products beef) of global GHG 

emissions (Gerber et al., 2010).  

 

Naturally there are considerable variations in how much the livestock sector contributes 

to total GHG emissions in different parts of the world. Leip et al. (2010) estimate that 

the GHG emissions from the livestock sector in the EU27 correspond to close to 13% of 

total EU emissions when also including LULUC. The land-related emissions are mainly 

in non-EU countries and a consequence of feed import to European livestock, 

principally soymeal from South America. The main reason why Europe has a relatively 

lower share of total emissions from the livestock sector is due to high emissions in other 

sectors (e.g. transports, energy) and low emissions due to LULUC within Europe. 
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Carbon dioxide, CO2 

As seen in Figure 6, emissions of fossil CO2 is of minor importance for the global 

livestock sector´s GHG emissions, but in a highly industrialised region such as the 

EU27, around 20% of total GHG emissions from the livestock sector come from fossil 

energy (Leip et al., 2010).  

 

CO2 emissions from land-use change processes are closely connected to expanding 

agricultural production and land clearance. Carbon emissions from forest clearing 

constituted about one third of total anthropogenic CO2 emissions in the period 1850-

2005. In the last 50 years, there has been a stabilising (or even decrease in agricultural 

land) in many regions but in the tropics, deforestation is still occurring rapidly. During 

the 1990s, it is estimated that tropical deforestation gave rise to CO2 emissions in the 

order of 1-2.2 GtC per year, comprising 14-25% of total anthropogenic emissions 

(Denman et al.., 2007). Today, land use change, mostly deforestation, accounts for 

around 10% of global CO2 emissions, and the emission trend has been falling over the 

last 10 years compared to levels during the 1990s (www.globalcarbonproject.org). The 

large uncertainties in estimates of GHG emissions from deforestation must be noted: 

release of black carbon is seldom included, nor is the loss of carbon sinks when forests 

are cleared. 

Methane, CH4 

As seen in Figure 6, enteric fermentation is the most important source of methane (CH4) 

emissions from livestock production. CH4 is also emitted from slurry storages and in a 

warm climate, this source can be substantial. Methane is around 25 times more effective 

in trapping heat in the Earth‟s atmosphere than CO2 and its atmospheric concentration 

has increased from around 715 ppb
4
 pre-industrial to 1,774 ppb in 2005, i.e. by close to 

150% (Forster et al., 2007). 

 

According to Steinfeld et al. (2006), global emissions from enteric fermentation and 

manure management in 2004 were 85.63 and 17.52 Mton CH4, respectively. This 

corresponds to approximately 2.58 billion tonnes CO2e which is around 5.3% of total 

GHG emissions in 2004. 

 

The production of methane by ruminants normally contributes to the largest share of 

total GHG emissions. For European beef and milk products, methane represents around 

45-50% when LUC-emissions are not included, but less than 40% of total emissions 

when LUC-emissions are included (Leip et al., 2010). Beef produced in South America, 

predominantly produced on grazing all year around, has generally higher CH4 

emissions, contributing to as much as 75% of total emission (LUC not included) which 

is caused by high slaughtering ages and long calving intervals (Cederberg et al., 2011). 

Nitrous oxide, N2O 

As seen in Figure 6, manure storage, manure spreading in fields and ammonia emissions 

from manure give rise to a substantial share of nitrous oxide (N2O) emissions from the 

global livestock sector. Nitrous oxide is a potent greenhouse gas that is present in very 

low concentrations in the atmosphere. It is around 300 times more effective than CO2 in 

trapping heat and also has a very long atmospheric life-time (>100 years). Pre-industrial 

concentration was around 270 ppb N2O which has grown to 319 ppb in 2005, i.e. an 

18% increase.  

  

                                                 
4
 ppb (part per billion) is the ratio of greenhouse gas molecules to the total number of molecules of dry 

air. 
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Anthropogenic emissions of nitrous oxide (N2O) have been emphasised in the second 

half of the 20th century as a result of the strong increase in synthetic N fertiliser use in 

agriculture. Steinfeld et al. (2006) estimate that around 30% of the global livestock 

emissions of GHGs are made up of N2O (see Figure 6). Corresponding numbers for EU-

27 N2O emissions from the production of milk, meat and eggs are around 23% of the 

sector´s total GHG emissions (Leip et al., 2010). 

Chemicals  

Pesticides  

Pesticides are chemical substances or biological agents (such as bacteria) used to kill or 

control any pests, mainly weeds, insects and fungus. The pesticides used for plant 

protection in agriculture are herbicides (against weeds), insecticides (insects), 

fungicides (fungi), nematocides (nematodes) and rodenticides (vertebrate poisons) 

(Ongley, 1996). There are large economic incentives to use pesticides to reduce the 

occurrence of pests and hence increase the quality and quantity of crop yield. In 

addition, use of pesticides is less labour-intense than traditional agricultural 

management practices and reduces the reliance on good crop rotation for pest control.   

 

However, the benefits of improved plant protection by using pesticides need to be 

contrasted with the disadvantages related to their potentially toxic effects on humans 

and ecosystems and on an increased risk of pests and weeds becoming resistant to them. 

The impact of pesticides on different organisms varies greatly depending on their 

toxicity (direct and indirect), persistence and fate. Some of the potential effects are 

death of organisms, disruption of hormonal systems, tumours, and cellular and DNA 

damages (Ongley, 1996). The use of pesticides and associated changes in management 

practices may also affect biodiversity and soil fertility (ibid).  Extensive use and reliance 

on one or only a few pesticides may also result in increased resistance to the pesticide 

due to natural selection in the targeted weed-, fungi-, insect population. An urgent 

problem is a growing number of weed species that have evolved resistance to the 

important herbicide glyphosate and this is mainly occurring in areas where farmers 

grow crops (most importantly soybeans) that have been genetically engineered to 

tolerate glyphosate
5
 (Waltz, 2010; Cerdeira et al., 2011). Due to adaptation and natural 

selection in weed populations, the increased and often exclusive reliance on glyphosate 

to manage weeds in genetically engineered crop systems have led to that resistance to 

glyphosate having evolved in some weed species. 

 

The impacts of pesticides in feed production are not sufficiently assessed in LCA 

studies of animal production. The problems lie in the great number of pesticides used, 

the variety of environmental effects (known and unknown) and the fate of the 

pesticides. However, there is an on-going development of models and methods to be 

used in LCA to assess the environmental effects of pesticides (ENDURE, 2009). In 

some LCA studies, the inventory includes use of pesticides given as grams of active 

substances, but these numbers do not reflect the environmental effect of their use since 

toxicity and fate as well as dosages (i.e. grams of active substance per hectare) vary 

between pesticides.   

 

There are limited detailed and up-to-date statistics on the global use of pesticides. The 

most recent statistics from the EU (1992 to 2003) show that fungicides and herbicides, 

measured as active substances, contribute to slightly less than 90% of plant protection 

                                                 
5
 Glyphosate (common commercial trade-name Roundup) is the most used herbicide in the world. It is a 

broad-spectrum and non-selective herbicide. 
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products used in EU15 and that five countries (France, Spain, Italy, Germany and UK) 

use 75% of products (Eurostat, 2007). The use of fungicides in EU15 has declined 

during the 1990s probably due to the replacement of products that are used in high 

dosages, e.g. sulphur used in, for example, vine. Generally, a high proportion of the 

products are applied on special crops like fruits and vegetables.  

 

The FAOSTAT database provides statistics on consumption and trade of pesticides on a 

national level (FAOSTAT, 2011). However, consumption rates are not available in the 

database for large agricultural countries like the US, Canada, Australia and Brazil. The 

statistics on trade include import and export of pesticides, but do not show domestic 

consumption. 

Medicines 

Veterinary medicines are used to decrease the prevalence of disease and increase 

efficiency in modern animal production systems by, for example, preventing infectious 

disease, managing reproductive processes, and controlling parasites and non-infectious 

diseases (Sarmah et al., 2006). 

 

Information on the amounts of veterinary medicines used is limited although for some, 

like veterinary antibiotics, these data are, to a certain extent, public in some 

Scandinavian countries and the Netherlands (Sarmah et al., 2006). A recent study 

estimated the total mass of active substances in veterinary medicine in the EU at 6,051 

tons, of which 5,393 tons were antibiotics (~90%), 194 tons anti-parasitics and 4.6 tons 

hormones (Kools, 2008). A review by Sarmah et al. (2006) summarised available data 

on the use of antibiotics worldwide. A total of 16,000 tons of antimicrobial compounds 

are used annually in US, about 11,200 tons for non-therapeutic purposes. In New 

Zealand, around 53 tons of antibiotics annually are used in animal production systems, a 

large share of the country´s livestock is cattle fed on pasture which explains the 

relatively small amount of antibiotics used despite a relatively large animal production 

system. Data on medicine use in developing countries are even less and estimations are 

rough and uncertain. Sarmah et al. (2006) report around 15 tons of active antimicrobials 

used yearly in animal food production in Kenya. 

 

Antibiotics are, by far, the most commonly used veterinary medicines and of great 

importance to modern agriculture, not only to treat diseases but to promote growth and 

improve feed efficiency. Not all antibiotics administered are absorbed by the animal; 

sometimes 30-90% is excreted in manure. After excretion, the metabolites may still be 

bioactive and transformed back to the parent substance (Sarmah et al., 2006). 

 

Veterinary medicines are distributed to the environment by a number of different 

pathways. Medicines may be emitted from processing plants when produced or disposed 

of, whether unused or out-of-date. Medicines are spread to the environment after being 

excreted in manure. The medicines and metabolites are transported and distributed to 

air, water, soil or sediment on the basis of the physiochemical properties of various 

substances and the receiving environment (Boxall, 2003). 

 

Boxall et al. (2006) analysed the prevalence of ten veterinary medicine substances in 

soil and the potential of these substances to be taken up by vegetables. The results 

indicated that certain measurable residues were likely to occur at least five months after 

having entered the soil (mostly via livestock manure). The study also showed uptake of 

four substances in carrots and three substances in lettuce leaves. All detectable levels 

were below the so called acceptable daily intake (ADI) values, indicating low risk for 

affecting human health. The results did however show a need for caution when 
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considering long-term prevalence in the environment of veterinary medicines with low 

ADI (Boxall et al., 2006).   

 

Studies have evaluated the toxicity of veterinary medicines in organisms such as fish, 

daphnids, algae, microbes, earthworms, plants, and sometimes dung invertebrates. With 

some exceptions, the environmental concentrations of veterinary medicines are 

generally below effective concentrations in standard organisms. The risk of acute 

environmental effects is thereby low for most veterinary medicines used. The effect of 

pharmaceuticals on the environment has however emerged as a scientific field only 

since 2000. It is mostly single compound effects that have been examined; the pathways 

of degradation products and how these affect the environment have been less studied. 

By neglecting the metabolites, some conventional eco-toxicological assessment 

methods may underestimate the overall environmental effects of compounds. In 

addition to this, several veterinary medicines are sometimes used at the same time 

during treatments and the possible synergic effects of the different compounds in 

mixtures are difficult to examine accurately. These effects include synergism, additivity 

and antagonism which can decrease or increase the compounds´ effect on the 

environment. The environmental effects from long term and low dosage exposure to 

various veterinary medicines also need further research (Boxall, 2003). 

 

The main concern regarding the widespread use of antibiotics in veterinary medicine is 

the development of resistant bacterial strains, a health risk to both humans and livestock 

animals. Of special concern is antibiotic therapy in food-producing animals. Direct 

contact with animals, and thereby the risk of bacteria spreading via the food chain, 

enables the selection of bacterial strains resistant to antibiotics used in human therapy. 

Concerns regarding the risks of bacterial resistance led to the European ban on 

antibiotic growth promoters issued in 2006 (Kemper, 2008). In the US, a national 

programme (NARMS) monitors the occurrence and distribution of antibiotic resistant 

bacteria in food (Sarmah et al., 2006). 
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5. METHODS FOR ASSESSING ENVIRONMENTAL IMPACT 

Life Cycle Assessment (LCA) 

Life Cycle Assessment (LCA) is a tool for assessing the environmental impact of a 

product or service. The basic principle of LCA is to follow the product throughout its 

entire life cycle. The product system studied is delimited from the surrounding 

environment by a system boundary. The energy- and material flows crossing the 

boundaries are accounted for as input-related (e.g. resources) and output-related (e.g. 

emissions to air), see Figure 7. LCA methodology is often used in well-defined parts of 

a product´s life cycle. For animal products, primary production, i.e. activities until the 

farm-gate, represents the dominating part of total environmental impacts. Therefore, 

many LCAs of livestock production only include the farming system and the input of 

resources to this system. 

 

 

    RESOURCES 

     (Raw) materials 

     Energy 

     Land 

 

 

 

 

 

    EMISSIONS 

     Emissions to air and water 

     Waste 

 

 

 

 

 

 

The LCA methodology has been developed within a general framework established by 

SETAC
6 

 and further harmonised in an international standardisation process (ISO)
7
, see 

further ISO 14040 (ISO, 2006a) and 14044 (ISO, 2006b). An LCA consists of four 

phases. In the first phase, the definition of goal and scope, the aim and the range of the 

study is defined. Important decisions are made concerning the definition of the 

functional unit (i.e. the reference unit), choice of allocation methods and system 

boundaries. In the inventory analysis, information and data about the system is collected 

and relevant inputs and outputs are identified and quantified. In the impact assessment, 

the data and information from the inventory analysis are linked with specific 

environmental parameters so that the significance of these potential impacts can be 

assessed. An example of this procedure is the conversion of greenhouse gas emissions 

into CO2-equivalents. In the final interpretation phase, the findings of the inventory 

analysis and the impact assessment are combined and interpreted to meet the previously 

defined goals of the study.  

                                                 
6
 SETAC is short for the Society of Environmental Toxicology and Chemistry and this organisation is one 

of the driving forces in the standardisation of LCA methodology. 
7
 ISO is short for the International Organisation for Standardisation. 
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Figure 7. The LCA model representing a typical life cycle. 
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LCA methodology applied to animal production 

There are some methodological difficulties that arise in LCAs of animal production. For 

example, decisions on how to set the system boundaries and define the functional unit 

and what method to use for handling by-products are crucial and can greatly influence 

the outcome of an LCA. One important aspect of animal production systems is that the 

degree of environmental impact is not only a function of resource use and emissions per 

product unit, but is also related to the spatial concentration; this is important when 

assessing nitrate and ammonia losses. Finally, impact assessment of land use is still 

undergoing methodological development and the need for consensus in this area has 

been emphasised during recent years due to growing interest in carbon footprint analysis 

(see next section for more details). In addition biodiversity impacts lack a 

methodological consensus. 

System boundaries 

The farmed soil is generally regarded as a part of the technical system in LCA of 

agricultural products and this is a logical and reasonable presumption since soil is the 

precondition for all cultivation. However, the time horizon must be well defined when 

nutrient supplies and flows are described, since soil has a capacity to store nutrients for 

long periods of time. Normally, the chosen time period in an LCA is one agricultural 

year since the statistics for grain and milk yield or leaching data are often reported 

annually. The soil thus leaves the system at the end of the time studied (i.e. crosses the 

time boundary) but differences in the contents of nutrients in the soil should not be 

neglected. A very common feature of intensive livestock production systems is soil P 

accumulation as a consequence of surplus manure which leads to a risk of P losses into 

the environment in the future. Consequently there is a time-lag between the input of 

excess P into the soil and its possible future contribution to eutrophication. A nutrient 

balance can add useful information to an LCA and indicate potential losses in the future. 

Also when calculating soil carbon balances as an effect of different feed crops and 

management, the chosen time period is very important (see next section for more 

detail). 

Functional unit 

The definition of the functional unit (FU) is very important in LCA and it should be 

well defined and provide a strict measure of the function that the system delivers. Since 

it is the base for analysis it must be relevant and it must be possible to relate all data 

used to the functional unit. 

 

LCAs of milk production often use fat- and energy corrected milk as the FU. This is a 

straight forward base for calculation since data on fat and energy content in milk is 

normally included in production statistics. In LCAs of meat production, there is a larger 

variation in how the FU is defined which can be confusing when interpreting the results. 

Most commonly in meat LCAs, the FU is kilograms of live-weight gain, carcass weight 

(slaughter weight, meat with bone) and bone-free meat weight which is the final product 

for human consumption. Generally, production statistics are given as carcass weight, 

often along with consumption data. But the yield of bone-free meat from the carcass 

differs between different livestock species and when comparing results from different 

meat products it is necessary to have a clear understanding of how the FU is defined in 

the study. When comparing different LCAs of meat, it is important to interpret the FU 

correctly and recalculate it when needed to be able to make a fair comparison. 

 

Sometimes, in LCA of agricultural products, hectare of farmed land is used as a 

functional unit in combination with the product from the land. The reason for this is that 

agricultural land not only produces food but can also provide other benefits, such as 

biodiversity and a varying landscape. An example is grazing cattle on semi-natural 
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grassland which has a positive environmental impact acknowledged in many agri-

environmental programs in the EU, since a very large proportion of Europe´s most 

threatened bird species, vascular plants and insects live in these areas. In some cases, 

environmental subsidies for such meat production can provide a substantial income to 

the farmer in addition to payment from the beef market. In this case, ecosystem 

services, such as biodiversity connected to grazing cattle, can be said to be a by-product 

(or more correct a “by-service”) of beef production. However, the main methodological 

problem of including land in the functional unit is that land is a necessary and input-

related resource in production and this is not made obvious when land is included in the 

FU. Instead one can form the idea that land is an unlimited resource, which obviously is 

not the case.  

Inventory analysis 

One problem connected with the inventory analysis in LCA of animal production is 

associated with production data used in calculations (e.g. average milk yield, fertiliser 

rate, feed intake, etc) which are often collected as mean values from statistics or data 

from farms. There are often considerable uncertainties in production data due to i) 

inadequate statistics and ii) differences in management practices among farms resulting 

in variations in production data across farms. Henriksson et al. (2011) calculated the 

national average of GHG emissions for Swedish milk at 1.12 kg CO2e per kg energy 

corrected milk (ECM) and then analysed the variation in this average estimate caused 

by differences in production parameters between dairy farms. The variation in the GHG 

emission per kg average for Swedish milk was found to be ±17% due to variation in 

management practices and milk yield between farms. 

 

The variation in one important production parameter is shown in Figure 8 - feed 

efficiency (milk production per kg feed intake). Based on data from 1,050 dairy farms 

participating in a feeding advisory service in Sweden, there is an average production of 

1.44 kg ECM per kg dry matter feed with a variation between 0.96 – 1.82 kg ECM per 

kg dry matter feed (Henriksson et al.., 2011). The large variation in production and 

management methods between farms means that data needs to be collected from quite a 

large number of farms when performing LCA of animal products aiming to compare 

different systems.    

 

LCAs of animal production are sometimes based on models on nutrient requirements 

and metabolism of animals when estimating feed intake which is a very important 

production parameter. Using models, it is difficult to reflect the complexity of a 

livestock production system and the large variations between farms. Statistical analysis 

needs to be included in LCAs to show better the uncertainty range in results but this is 

rarely done. 
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Figure 8. Distribution of feed efficiency (ECM produced per unit 
DMI) among 1,051 Swedish dairy farms. 

 

Co-product handling 

The method used when distributing the environmental burden between the main product 

and co-products can have a significant impact on the final results of an LCA study. 

What methodology to use is one of the more debated issues amongst LCA researchers. 

There are clear guidelines of the preferred order for different methods for handling co-

products in LCA (ISO 2006a,b) but there is no shared understanding of when different 

methods are applicable.  

 

Cederberg and Stadig (2003) compared different methods for handling the by-product 

beef in milk LCA and showed that the choice of co-product handling greatly affects the 

final results. In their study of system expansion
8
 and allocation in milk and beef 

production, they analysed the environmental impact of milk production at the farm gate 

in Sweden using different methods for co-product handling. When system expansion 

was applied, only 63% of the GHG emissions were attributed to the milk, since the 

significant burden from beef production in cow-calf production systems was avoided. 

On the other hand, use of energy was similar between the traditional allocation method 

and system expansion (see Table 2). 

 
Table 2. Distribution of environmental burden to milk in different alternatives for handling by-products (beef 
from culled cows and surplus calves). 

 No allocation Economic 

allocation 

“Biological 

allocation” 

System 

expansion 

Energy 100 92 85 87 

Land use 100 92 85 66 

Pesticide use 100 92 85 100 

Climate change 100 92 85 63 

Acidification 100 92 85 60 

Eutrophication 100 92 85 60 
Source: Cederberg & Stadig, 2003 

 

Intensification (increasing milk yield per cow) is typically one of the solutions discussed 

in order to reduce milk´s environmental impact, especially in discussion of GHG 

emissions. Flysjö et al. (2012) analysed high yielding conventional and organic milk 

production in Sweden in order to investigate whether an increase in milk yield per cow, 

                                                 
8
 System expansion means that allocation is avoided by expanding the milk system to include the 

alternative way of producing beef from milk production. The alternative way of producing beef is a pure 
beef system where suckler cows give birth to approximately one calf per year for further beef 
production. 
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reduces the GHG emissions per kg milk. When a fixed allocation factor (for milk versus 

meat) is used, GHG emissions per kg milk is somewhat lower for the high yielding 

conventional system, but when applying system expansion, the CF is somewhat lower 

for the organic system (which has a lower milk yield per cow). Thus, choice of method 

for handling co-products in milk production is important. 

Impact assessment of ammonia and nitrate 

Emissions of reactive nitrogen in the form of ammonia represent considerable N-losses 

from animal products and contribute to eutrophication and acidification. High 

concentration of ammonia can also lead to toxic effects on plants, but such effects are 

quite rare and mainly found in sensitive vegetation (e.g. fruit culture) close to large 

livestock units (van der Eerden et al., 1998). High concentration of livestock means that 

large amounts of manure are produced in small areas leading to high ammonia 

deposition. A study of ammonia concentration in the vicinity of intensive Scottish 

livestock farms (emitting 4 – 14 tonnes NH3-N per year per farm), showed that the 

concentrations were high at the woodland edges close to the farms. N deposition was 

estimated in the range 40 – 80 kg of N/ha per year in the woodland boundaries meaning 

that the critical load was far exceeded for this ecosystem (Pitcairn et al., 1998). 

Ammonia emissions not removed from the atmosphere by dry deposition of NH3 at a 

close distance from the source are removed as wet deposition (NH4
+
) at distances up to 

1500 km from the source (Asman, 2001). Depending on the sensitivity of the receiving 

area, the NH4
+
 deposited can be acidifying and/or nutrifying, although in some areas it 

has little impact: if the critical level for the area is not exceeded, there will be no 

immediate effects (taking a short-term perspective). 

 

Impact assessments for ammonia emissions in LCA studies often use a “maximum 

scenario” assuming that all the receiving areas are N-saturated ecosystems. To give a 

more accurate picture of the actual impacts in the ecosystems, the LCA-characterisation 

methodology should be more area-dependent and site-specific and the effects of toxicity 

should also be considered. Intensive livestock production farms can be efficient per unit 

(i.e. low emissions of reactive N per unit) but can still have a high local impact due to 

high spatial concentration of ammonia emissions. When comparing only emissions per 

kg of product and not considering the concentrations of ammonia emissions, which is 

the usual method used in LCAs of animal production, it is not possible to make 

adequate and fair comparisons between area-intensive livestock units and more area-

extensive ones. A nutrient balance is a good tool to complete an LCA since it reveals 

the excess of N on a farm and thereby potential N-losses. In an LCA of animal 

production, ammonia losses should be accounted for per product unit as well as per 

hectare to provide information on the spatial concentration of the emissions. 

 

Currently emissions of nitrate are only characterised in the impact category 

eutrophication. This is an inadequate assessment since drinking water contaminated 

with nitrate is a health problem. Nitrate concentrations in drinking water should not 

exceed 50 mg/l but this level is commonly exceeded across Europe, especially in water 

drawn from shallow wells. In the other parts of the world, nitrate leaching to 

groundwater is also recognised as a growing issue (Erisman et al., 2011).  

 

During the transportation of leached N in surface waters such as rivers, nitrogen 

retention (the transformation processes that lead to the removal of some of the emitted 

nitrate due to plant uptake and denitrification) can occur. In Sweden, the current average 

retention of nitrogen lost from arable land has been estimated at approximately 40% 

(Arheimer et al., 1997). In other words, 40% of the leached N from arable land is 

neutralised in rivers and lakes mainly through the denitrification process, transforming 
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the nitrate into environmentally harmless N2; whereas 60% reaches surrounding seas via 

river mouths as reactive N and is potentially environmentally harmful. During the 

second half of the 19
th

 century and first half of the 20
th

 century, lakes and wetlands were 

extensively drained to gain more arable land in many European countries. This has 

affected the net losses of N to surrounding seas since the landscape has lost some of its 

capacity to neutralize the emitted reactive nitrate and transform it into inert nitrogen, N2. 

The rise in N concentration in rivers has often been connected to the increased input of 

fertiliser N. Studies show that there are also other mechanisms, notably draining of 

lakes and wetlands, which can be as important as the input of fertiliser N in affecting net 

losses to the surrounding seas from arable land (Hoffman et al., 2000). 

 

Similar to the impact assessment of ammonia emissions, eutrophication caused by 

nitrate emissions is most commonly characterised according to a maximum scenario, 

which presumes that all emitted nitrate reaches a N-limited water system in reactive 

form. Generally, all nitrate leaching is modelled as giving rise to eutrophication and the 

impact of nitrates contaminating groundwater is hardly ever considered. In LCAs of 

agricultural products, the fate of leached nitrate should be modelled more accurately: 

site-specific as well as area-dependent. The retention capacity must be considered since 

only a small share of the leached nitrate from an inland farm will reach coastal waters. 

Nitrate emissions should not only be assessed by unit of product; nitrate leaching per 

hectare of farmland should also be accounted for. Otherwise, a livestock unit with very 

efficient feed use will present low nitrate emissions per produced unit, but might, due to 

high livestock density, still have high nitrate leaching from the arable land, which can 

cause nitrate pollution in the groundwater. Whether the livestock unit will contribute to 

eutrophication is principally a question of its location in relation to coastal waters. 

Biodiversity impacts 

Biodiversity impacts have so far received little attention in LCA studies.  This  can be 

accounted for by the lack of suitable methods for its incorporation. Some proposed 

methods have suggested net primary productivity as a surrogate for biodiversity but in 

many ecosystems there is a negative relationship between biodiversity and productivity. 

Other authors have used species richness as an indicator but this approach only 

considers richness of species in one area. There has also been a focus on the potential 

impacts on threatened species or communities but these species are often atypical in 

their response to disturbance and therefore unsuitable as a surrogate of biodiversity 

(Penman et al., 2010). The lack of a suitable method for including biodiversity impacts, 

which are a significant consequence of modern agriculture, means that the important 

issue of biodiversity is often insufficiently discussed when interpreting the results of 

LCA of animal products. 

Carbon footprint (CF) analysis 

Carbon footprint (CF) is a term describing the total life cycle greenhouse gas emissions 

attributable to providing a specific product or service. The first method presented for CF 

reporting standards was the British PAS 2050:2008 (Publicly Available Specification) 

which sets out a prescriptive method for assessing CFs of goods and services (BSI, 

2008). At present, there is an ISO-standard for CF accounting under development 

planned to be published in 2012 (ISO, 2011). In addition the World Resource Institute 

and World Business Council for Sustainable Development have developed a method for 

calculating the carbon footprint of products (WRI&WBCSD, 2011). In practice, there 

are only minor differences between these three methods since they are based on the 

LCA-method that is ISO standardised which aims to assess the environmental impact of 

a product during its whole life cycle. All of these CF-accounting methods thus can be 

used for livestock products, but there is still a need for further harmonisation to fit the 

special characteristics connected with agricultural production, and in particular animal 



  

  SIK 37 

production. One example of such harmonisation, developed by the International Dairy 

Federation, is „A common carbon footprint approach for dairy‟ (IDF, 2010) which is 

based on LCA –ISO standards. 

 

In line with the above discussion on methodological problems associated with LCA of 

animal products, there are additional issues around methods that have been increasingly 

highlighted in the development and use of CF accounting in animal production. The key 

issue here is the uncertainty in estimates of biogenic greenhouse gases emissions and 

carbon emissions and/or sequestration associated with land use and land use change.  

Uncertainties in models for methane and nitrous oxide emission estimates 

Uncertainties in calculated CF values for livestock production relate to choice of 

emission models and data precision/quality. The latter is determined by data collection 

and data accuracy, e.g. kg of feed intake or kg of fertiliser applied to the field, which is 

discussed in the previous section. The methods used (e.g. emission factor (EF) and 

emissions model) for estimating biological process emissions are very important for the 

outcome of CF of animal products. Models used for calculating emissions from 

biological processes or systems are associated with large uncertainties, particularly in 

the case of nitrous oxide emissions from agricultural soils (Rypdal & Winwater, 2001). 

EFs for nitrous oxide losses from agricultural soils are provided in the IPCC guidelines 

and these are almost exclusively used in published LCA/CF studies of animal 

production. EF for direct nitrous oxide emissions from soils is 1% of applied nitrogen 

from fertilisers, manure and crop residues but the uncertainty range around this EF is 

large - 0.3 – 3% (IPCC 2006a). Likewise, methane emissions from enteric fermentation 

in ruminants are calculated using other models that include different methods for 

valuing feed components. Kristensen (2009) compared different models for calculating 

methane emissions from dairy cows and found large variations (105-165 kg CH4 per 

cow per year) although the same inventory data were used. The models differed in level 

of detail and in how they accounted for the relationship between CH4 emissions, dry 

matter intake and other factors (e.g. feed composition, use of net or gross energy, etc). 

Consequently, if CF studies of milk and beef (where methane emissions from enteric 

fermentation are a major contributor) use different emission models, comparisons of the 

results obtained can be questionable. Even if the same model is used there are still 

uncertainties in assessing enteric fermentation emissions in the range of around 20%. 

According to the IPCC (2006b), the uncertainties for model estimate range are around 

20%, similar numbers are also mentioned by Lassey (2007) and Kristensen (2009). 

 

Flysjö et al. (2011) analysed the average CF of milk production in New Zealand (NZ) 

and Sweden (SE) and in the calculations, inventory data and calculations of emissions 

were harmonised to the greatest extent possible. There was a relatively small difference 

in the calculated average CF value at the farm gate for the two countries´ milk 

production, the CF for one kg of energy corrected milk (ECM), including related co-

products (surplus calves and culled cows) was 1.00 kg carbon CO2e for NZ and 1.16 kg 

CO2e for SE. Uncertainties in emission factors used in the calculation of methane from 

enteric fermentation and nitrous oxide from soil were then analysed statistically using 

Monte Carlo simulation, since those emissions constitute a very large share of the CF of 

milk and because their estimates incorporate a high degree of uncertainty. This 

statistical analysis showed that there was large uncertainty in the calculated average CF 

results due to the uncertainties in the main EF used when estimating methane and 

nitrous oxide emissions in milk production systems (see Figure 9). The 95% confidence 

interval for CF for NZ milk was 0.6 – 1.52 kg CO2e/kg ECM while it was 0.83-1.56 kg 

CO2e/kg ECM for SE milk and this shows that when including the aspects of 
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uncertainties in EFs used for estimating methane and nitrous oxide emissions, the 

statistical confidence interval around the average CF is large. In this study, where data 

and methods were harmonised as far as possible, the average CF of Swedish milk was 

16% higher than New Zealand milk; but due to the large uncertainty it was not possible 

to state with statistical significance (defined as 95% confidence), that New Zealand milk 

has a lower CF. To reduce these uncertainties in CF/LCA studies of milk and other 

animal products, more research providing extended in-depth knowledge on emissions of 

methane and nitrous oxides from biological systems is urgently needed to improve the 

models for emission calculations. 

 

 
Figure 9. Frequency distribution of GHG emissions of one kg of ECM in NZ (top) and 
SE (bottom), based on the Monte Carlo simulation. Observe the axis differences for 
NZ and SE, the vertical lines (left and right) indicate the lower and upper limit of 
the predicted interval (2.5% to 97.5%). 

 

In CF-studies of products where emissions of methane and nitrous oxide represent a 

large share of the product‟s GHG emissions, the uncertainty of the calculated CF is 

higher than for products where fossil CO2 is the principal GHG. Hence a substantial 

difference between the CF of two products is needed  in order to indicate that there is a 

true difference between their GHG emissions. Statistical analyses are very valuable for 

clarifying the uncertainty ranges but to date have not generally been included in CF 

studies of agricultural products where methane and nitrous oxide often form the bulk of 

the GHGs. 

Soil carbon changes due to land management 

Land use management in feed and fodder cultivation leads to soil organic carbon (SOC) 

changes, and depending on the methods applied in cultivation, carbon is released as CO2 

(reducing the total SOC pool) or sequestered (increasing the total SOC pool). As a very 

general conclusion one can say that perennial crops such as grasslands benefit by 

increasing SOC, while annual crops such as cereals and pulses lead to soil C emissions. 

On average for the European continent, Shultze et al. (2009) estimate that grassland 

areas have a sequestration rate at around 560 kg C per ha per year while cropland areas, 

NZ

Mean: 0.998
SD: 0.257

CV: 25.8%

2.5%: 0.603

97.5%: 1.52

SE

Mean: 1.16
SD: 0.187

CV: 16.2%

2.5%: 0.828

97.5%: 1.56
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on average, are a source for carbon emissions corresponding to approximately 100 kg C 

per ha per year.  

 

Net GHG emissions caused by soil C changes due to land use management are poorly 

reflected in LCA/CF studies at present due to methodological limitations. The British 

PAS 2050 for assessing product´s CF have not included soil C changes due to land 

management as opposed to emissions from land use changes that are included (BSI 

2008). In the ISO-standards for CF accounting that are now under development, it is 

said that for products where the carbon content of soils changes significantly, this 

should be included in the CF and be quantified according to internationally agreed 

procedure such as the UNFCCC (ISO, 2011) 

 

Recent European research points to a permanent carbon sequestration capacity in 

grassland. To get a fair and complete picture of the GHG impacts of different livestock 

production systems this sequestration capacity should be included. Based on these 

findings, Soussana et al. (2007) suggest that grassland is likely to sequester carbon in 

soils permanently, while IPCC apply an equilibrium concept on carbon sequestration i.e. 

that saturation is reached after a certain time-period.  Unfortunately, there is a lack of 

consensus on the methodology for including soil C changes in agriculture production 

assessments, although it is an important factor to consider. The main uncertainties and 

discussion with regard to the  inclusion of soil C changes in CF/LCA of agricultural 

products are: i) the spatial system boundary (depth in soil profile); ii) the temporal 

system boundary (20, 30, 100 years etc); iii) new equilibrium iv) estimates of soil C 

changes, (Garnett et al., 2010). 

GHG emissions from land use change (LUC) 

GHG emissions due to land use changes (LUC) have only started to be included in 

LCA/CF studies of food production in recent years. Examples of LUC are when forest 

is transformed into agricultural land or when permanent grasslands are ploughed and 

converted into cropland for production of annual crops. In the first case, large amounts 

of carbon are lost when the forest is burned down and a carbon sink is lost when the 

forest is gone. Moreover, soil carbon is often reduced when the land is cultivated, as 

compared with the original forest soil. When grassland is transformed into cropland, 

there are only minor losses of carbon in the above-ground biomass; instead, emissions 

due to a decreasing SOC pool are an inevitable consequence when perennial grasslands 

are converted into annual crops. The total GHG emissions (mostly consisting of CO2, 

some minor emissions of methane, and nitrous oxide which occurs in the burning of 

biomass) are calculated as the difference between the carbon stock in the original 

vegetation (including SOC) and the carbon stock in the new land cover, for example 

croplands with annual crops. The conversion of tropical rainforest (which holds large 

amount of carbon in above-ground biomass) into agricultural land, in particular, leads to 

high emissions: 600 – 800 ton CO2/ha (BSI 2008; Cederberg et al., 2011, Leip et al., 

2010).  

 

When calculating the CF caused by direct LUC, the emissions from the carbon stock 

change must be allocated over a number of products that are produced on the piece of 

land where the LUC (mostly deforestation) has taken place. How much the CF increases 

due to direct LUC is very much a matter of the amortisation period chosen: a longer 

time-period results in a lower CF from LUC than a shorter time-period. In the standards 

under development for CF accounting, an amortisation period of 20 years is suggested, 

but this could be discussed further. Effects of older LUC will thus be excluded although 

these changes still might be of importance for the soil carbon balance. 
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The issue of how to estimate and allocate LUC-emissions in CF/LCA studies is further 

complicated when also considering the indirect effects of LUC. Examples of this are 

when an increased demand of agricultural commodities (e.g. soymeal for increasing 

meat production and/or ethanol for biofuels) leads to replacement effects. This is 

happening in Brazil, where pastures in the south are converted into cropland for the 

cultivation of soybeans and sugar cane to satisfy growing market demand. The cattle 

that used to graze these pastures are moved north to the Amazon forest where 

deforestation takes place to provide new pasture for beef production. When applying the 

method for including only direct LUC as suggested in PAS 2050 and the ISO-standard 

under development, this implies that all emissions from LUC are allocated to the beef 

produced on the deforested land in Amazonia, although indirectly the growing demand 

of other products (soy and ethanol) has contributed to the deforestation (Cederberg et 

al., 2011). 

 

Another approach for including LUC emission in LCA/CF is suggested by Schmidt et 

al. (2011) in calculating all global emissions caused by LUC and allocating these over 

all activities taking place on agricultural land. The motive for this approach is that any 

land occupation contributes to LUC, irrespective of where in the world it takes place. 

The emissions for global LUC emissions are distributed on two land categories: 

cropland and rangeland (extensive pasture). When distributing GHGs, the potential net 

primary productivity (NPP) is used as a reference flow to determine the potential 

production on an area of land. Consequently, the occupation of one hectare of land, 

which is highly productive but poorly used leading to low yields, will result in higher 

GHG emissions due to LUC per kg product. Schmidt et al. (2011) argue for this method 

because the current demand for land drives the current deforestation and therefore 

amortisation over time is not needed. 

 

Accounting for emissions from LUC is an important aspect of animal production. In the 

FAO report Livestock´s Long Shadow it is estimated that carbon emissions from global 

livestock makes up around one third of all GHG emissions from the sector (Steinfeld et 

al., 2006). There is currently no consensus on the methodology for accounting for LUC 

and including it in a LCA/CF study. When reporting CF numbers on products it is 

important to report LUC factors separately and clearly explain the underlying 

assumptions, since the method of accounting for LUC can drastically change the results. 
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6. ANALYSIS OF INVENTORY SCHEME FOR LCA/CF OF 
ANIMAL PRODUCTION 

There are many LCA models and CF calculation tools available to assess the 

environmental burdens of animal production, both research models and models 

designed to be used by farmers or advisers. There are a number of reasons for 

developing such models. A standardised model allows the calculations to be 

harmonised, simplified and more quickly executed. This will reduce the risk of 

inconsistencies and errors such as omitting major sources of emissions or processes that 

cause major environmental impacts. Comparisons of the environmental performance 

between production systems are better executed and are fairer if the same model has 

been used to assess the systems. A model may also be used to give valuable insight into 

the underlying causes of the environmental impact of the system studied. Some models 

are designed to educate farmers about environmental issues and increase their 

knowledge.   

 

Models and calculation tools are based on the same principles, but vary in level of detail 

and scope.  The assessment of the environmental impact of farming or the production of 

a commodity is based on the use of inputs, the range of the production (e.g. hectares of 

arable land or number of animals) and the production level (e.g. yield per hectare). 

Some models assess on-farm emissions in great detail and include emissions from the 

production of inputs (i.e. life cycle perspective), whereas other are more basic and omit 

pre-farm emissions. For example, emissions of ammonia and nitrous oxides from 

manure management are due to the nitrogen content of the manure, which is given as a 

default value in basic models. The nitrogen content may also be calculated in more 

detail taking into consideration feed requirements due to production levels, nitrogen 

content of various foodstuffs and the fate of nitrogen on-farm.  Some models are 

designed to assess various agricultural production systems, whilst others are specialised 

for a particular production system - for instance, there are several models, both research 

models and advisory models, designed for dairy production. In addition, the 

geographical area differs between models. There are models that can be used 

worldwide, and national or regional models. Some models include several 

environmental impact categories, whereas others are limited to one impact category 

(mostly global warming).   

 

The following gives a more thorough description of some of the LCA models and 

calculation tools. The first two models (the SALCA and Cranfield Agricultural LCI 

models) are described in more detail. They have been chosen because they represent 

models that can be used for various production systems, and have been used for 

scientific publications. The last section covers a sample of online calculation tools that 

are used for advisory purposes or to calculate CF of agricultural commodities.   

SALCA: Swiss Agricultural Life Cycle Assessment 

SALCA is a generic LCA method and database developed by Agroscope Reckenholz-

Tänikon (ART) in Switzerland. SALCA is used to analyse and optimise the 

environmental impact of agricultural production, and is valid for the conditions in 

Central Europe. It can be used to calculate the environmental impact of any arable or 

fodder crop or animal production system in Switzerland, and several farms can be 

assessed at the same time. Two calculation tools have been developed, namely 

SALCAcrop (LCA of crop production and crop rotation) and SALCAfarm (LCA of 

farming and animal production) (Nemecek et al., 2010b). 
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The calculations are based on input data that describe the management of the farm and 

crop production studied. These parameters quantify the use of inputs, (e.g. fuel, 

fertilisers, pesticides and purchased animals) and management, (e.g. type of animal 

husbandry system and timing of nitrogen application).  This data is then used to 

calculate emissions on the farm related to agricultural production, including emissions 

of ammonia, phosphorus, nitrous oxides, methane and heavy metals. There are several 

modules, i.e. submodels,  to calculate emissions or material flows of a particular 

process, used for these calculations. Two of these modules are SALCA-nitrate, that 

calculates the risk of nitrogen leaching by taking management practices and nitrogen 

surplus in the soil into account, and SALCA-heavy metals that calculates the mass 

balance for seven heavy metals at farm or field level.  Emissions of nitrous oxide (from 

soil and manure management) and methane (enteric fermentation and manure 

management) are calculated in accordance with the IPCC guidelines. The environmental 

impact of the production and use of inputs is assessed based on Life Cycle Inventory 

data for 700 commodities. 

 

The environmental impact of the production system is then assessed and reported for 

impact categories that are relevant for agricultural production. The impact categories 

included are non-renewable energy resources, global warming potential, ozone 

formation potential, eutrophication potential, acidification potential, terrestrial, aquatic 

and human ecotoxicity potentials, biodiversity and soil quality (Nemecek et al., 2010b). 

The first categories are often assessed in LCA, whereas the latter categories, especially 

biodiversity and soil quality, are rarely addressed. Biodiversity is assessed by the 

module SALCA-biodiversity which is valid for grasslands and arable crop production 

(Jeanneret et al., 2008). The biodiversity category includes eleven indicator species 

groups (ISG) and how they are affected by cultivation practices (e.g. fertilisation, soil 

cultivation and pesticide application), both when it comes to the overall species 

diversity and the diversity of ecologically demanding species and species of high 

conservation value. A biodiversity score is calculated for each ISG which considers an 

impact rating of various management options and ISG specific coefficients that reflect 

the significance of habitats and the relative importance of management options for each 

habitat. The ratings are based on information from scientific literature and expert 

knowledge. The soil quality category addresses how soil management practices and 

crop rotation affects the physical, chemical and biological properties of the soil. 

 

The model has been used to assess the environmental impact of Swiss farming systems 

(crop production, not animal husbandry), and to compare organic and integrated 

systems as well as extensive and intensive cropping systems (Nemecek et al., 2010a and 

2011). It has also been used to conduct life cycle assessements of management 

strategies for apple production, cultivation of energy crops and to assess the 

environmental impact of various categories of Swiss animal production farms (Kägi et 

al., 2007; Mouron et al., 2006; Baumgartner et al., 2011).  

 

One of the strengths of this model is that it can be used to assess environmental impact 

categories that are rarely addressed in LCA, i.e. biodiversity and soil quality.  

Cranfield Agricultural LCA model 

Cranfield University, UK, has developed a LCA model to assess the environmental 

impact of agricultural and horticultural commodities. The model was first developed in 

the project “Determining the environmental burdens and resource use in the production 

of agricultural and horticultural commodities, IS0205” (2003-2005) funded by Defra, 

and is further elaborated in the on-going project “Developing and delivering 

environmental Life-Cycle Assessment (LCA) of agricultural systems, IS0220” (2005-

2011). Results from the first project have been reported in Williams et al.. (2006), 
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including assessment of the environmental impact of the production of ten major 

agricultural commodities, e.g. milk, beef, pig meat, sheep meat, poultry meat and eggs. 

The second project has not yet been completed, but the LCA model has been updated 

and the latest version is publicly available at http://www.agrilca.org/.  

 

The model works at a commodity level, not at farm level, and should be used for 

production in steady-state systems, i.e. production systems that do not undergo any 

major changes. The model was developed for use in England and Wales, but may be 

used in other parts of the UK as well. The environmental impact categories included are 

global warming potential, eutrophication potential, acidification potential, abiotic 

resource use (i.e. aggregation of the use of various natural resources, such as metals, 

minerals and non-renewable fuels, taking into account the scarcity of the resources), 

primary energy use and land use. The model covers the life cycle of the analysed 

systems up to the farm gate. Data on the environmental burdens of inputs, e.g. fertilisers 

(both fertilisers for conventional and organic farming) and fuels originate from LCA 

databases.  Various simulation models are used to calculate on-farm emissions and 

material flows, e.g. regarding emissions of nitrate into water, how the fertilisation rate 

affects crop yield, and use of feed depending on the energy requirements of the animals 

and production systems. Emissions of GHG are calculated according to IPCC guidelines 

and the UK national inventory of GHG emissions.  

 

The model is presented as two Excel spreadsheets - “Arable LCA” covering the 

cultivation, harvesting and storage of food and fodder crops; and “Animal LCA” 

covering the production of meat (beef, pig, sheep and poultry), milk and eggs. On 

download, the spreadsheets contain default scenarios for these commodities, at least two 

scenarios per commodity (e.g. organic and conventional production) that represent 

common practice in England and Wales.  The user may then alter input values to see 

how the LCA results are affected. When it comes to crop production, these input values 

describe soil cultivation methods, fertilisation rates, changes in yields and incorporation 

of crop residues. For animal production, the user may alter breeding systems, food 

conversion ratios, growth and production rates, diet, etc. 

 

The model has been used to assess the environmental impact of animal production in the 

UK, e.g. by Williams et al.. (2006) which is discussed later in this report. 

Online GHG calculators 

There are several calculation tools and web applications available for farmers (and 

advisers) to assess the environmental impact of their agricultural production. These 

models are often simple to use and the input data is well known to farmers, e.g. number 

of animals on the farm, use of commodities, hectare of arable land and crops grown. A 

user-friendly calculation tool that does not require much effort to complete is more 

likely to be used than a tool that is more complex or hard to grasp.  

 

Most calculation tools are limited to one environmental impact category, namely global 

warming potential. Climate change is high on the political agenda and there is an 

increasing demand for calculating the CF of agricultural production. In general terms 

this is assessed in accordance with IPCC guidelines for national GHG inventories, and 

in some cases is expanded to include pre-farm GHG emissions. The methods presented 

in the IPCC guidelines are divided into three levels of detail (Tier 1, 2 and 3). Tier 1 is 

the simplest method based on default emission factors and simple equation, Tier 2 is 

more complex and Tier 3 is even more detailed and can be used as a country-specific 

model – the higher the tier, the better the estimate of GHG emissions. For instance, 
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emissions of methane from enteric fermentation are due to the type of digestive system 

and feed intake. In the Tier 1 approach default values are given for each livestock 

category (kg methane per head per year). Tier 2 is more complex and requires that the 

gross energy intake is calculated. The Tier 3 approach provides the opportunity to 

develop country-specific models that may consider diet composition in greater detail, 

variations in feed requirements during the year and mitigation options. The IPCC 

guidelines give recommendations on the choice of Tier method for individual GHG 

sources. In general, a higher Tier is recommended if the sources are considered a key 

category, i.e. contributes significantly to the inventory of GHG in terms of absolute 

levels, trends, or uncertainties in emissions or removals of GHG. For example, when 

national methane emissions of livestock‟s enteric fermentation are calculated, Tier 2 or 

3 may be used for dairy cows (as dairy cows contribute much of the agricultural 

methane emissions) whereas Tier 1 is used for smaller ruminants and non-ruminant 

livestock. Hence, two or three Tiers can be combined to calculate GHG emissions of 

several processes that make up a sector. Online CF tools are generally based on Tier 1 

approaches, especially when it comes to CF tools that are quick to use and intended to 

give indicative results. 

 

The following section provides a brief description of some of the carbon calculation 

tools available on the internet. Some of these tools are thorough and can be used to 

assess GHG emissions in as much detail as is currently possible. They can be used to 

assess a wide range of production alternatives (e.g. manure management system or soil 

management practices) and provide a great deal of flexibility. However, they may 

require significantly more input data and also familiarity with the tool to reduce the risk 

of errors. Other tools are quicker and more straightforward to use, but lack a certain 

level of detail.  

 

It is important to be aware of potential differences between the tools in the methods and 

system boundaries applied, since such differences affect the results and their 

interpretation. Some tools can be used to estimate the CF of a farm enterprise or product 

(e.g. the Cool Farm Tool), which includes pre-farm emissions and on-farm energy use. 

Other tools apply the same system boundaries as are used for the agricultural sector in 

the national inventories of GHG emissions (e.g. FarmGAS), which implies that pre-farm 

emissions and energy use are excluded and hence that the GHG emissions of the farm 

seems to be lower than if a life cycle perspective had been applied. In addition, the 

methods and assumptions made are not always well documented. For instance, in some 

tools it seems as if CO2 from the production and use of inputs is included, but no other 

GHG. This might underestimate the total GHG emissions since for example N2O is the 

major contributor to the CF of the production of nitrogen fertilisers.  
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Table 3. Brief description of some carbon calculation tools available on the Internet. 

Name Region Target 
group 

Scope Method Comments 

Cool Farm Tool 
(Unilever, 2010) 

Global Farmers, 
supply chain 
managers, 
companies 

Quantifies current CF and suggests mitigation options. 
Includes production of inputs (energy, fertilizers, pesticides, 
etc.), N2O from soil, soil carbon, livestock (enteric 
fermentation and manure management). Possible to include 
post-farm emissions (transport and processing).   

On-farm emissions (IPCC guidelines, Tier 1) and 
pre-farm emissions (LCA databases, e.g. 
EcoInvent). Opportunity to refine the calculations, 
e.g. C sequestration and enteric fermentation. 
Results are presented per farm, per hectare and 
per tonne of product. Excel spreadsheet.  

Thorough. Many production 
systems can be explored and 
there are options to refine 
the GHG calculations.  

CLA Calm 
Calculator (CLA, 
undated) 

UK Farmers, 
land 
managers 

GHG emissions on farm and mitigation advice (general). 
Includes emissions from energy use, N2O from soil, soil 
carbon (LULUCF), livestock (enteric fermentation and 
manure management). Pre-farm emissions excluded. 

Follows the methodology of UK national GHG 
inventory and the IPCC guidelines. Web 
application. 

Basic. Excludes pre-farm 
emissions, except for 
electricity.  

Carbon Calculator 
(Lincoln 
University, 
undated) 

New 
Zealand 

Farmers GHG emissions on farm. Includes emissions from energy use, 
CO2 from production of fertilisers, lime and feed, N2O from 
soil (due to fertilisation) and ruminant livestock (enteric 
fermentation and manure management, one default value 
per head). 

Based on the methodology of New Zealand GHG 
inventory and default values. Opportunity to add 
values from previous calculations of N2O and CH4 
emissions. The results are presented in total per 
farm, per hectare and per kg of product. Web 
application. 

Basic. Should be used for 
indicative purposes. Does not 
seem to account for pre-farm 
N2O emissions. Does not fully 
account for N2O emissions 
from soil. 

FarmGAS 
(Australian Farm 
Institute, 2009) 

Australia Farmers and 
advisors, 
non-dairy 
producers 

GHG emissions on farm and effects of farm management 
decisions (financial and GHG). Covers all farm businesses 
except dairy producers. N2O from soil, savannah  and crop 
residue burning, LUC, enteric fermentation and livestock 
waste. Planting trees as carbon sink.  

Follows the methodology and system boundaries 
of Australian national GHG inventory (both 
national methods and IPCC default values). 
Includes the financial returns. Web application. 

Medium. Excludes energy use 
and pre-farm emissions. 
Changed management 
practices limited to on-farm 
effects.  

Dairy 
Greenhouse Gas 
Abatement 
Calculator (Dairy 
for tomorrow, 
2011) 

Australia Dairy 
producers; 
farmers and 
advisors.  

CF of dairy production (up to farm-gate), including 
production of inputs (fertilizers, feed and energy), N2O from 
soil, enteric fermentation, manure management, and C 
sequestration (tree planting). Abatement strategies 
including herd, feeding and soil management, and farm 
intensification.   

Based on the methodology of Australian GHG 
inventory. Assessment of abatement strategies 
includes financial implications. Excel spreadsheet. 

Thorough. One version of the 
tool for advisors and one for 
farmers. 
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7. RESULTS FROM LITERATURE REVIEW 

Overview of environmental assessment of livestock production 

A literature search was undertaken on system analysis studies of environmental impacts from 

animal production (see Appendix 1). With few exceptions, a LCA methodology was used in 

the studies. Nearly all of the studies investigated the emissions of GHGs (Table 4). Most 

studies also presented figures for the energy and land use, eutrophication, and acidification 

impact categories. Some studies included pesticides/toxicity and phosphorus use/abiotic 

resource depletion. Very few studies included biodiversity or animal welfare. Some studies 

also included impacts not included in Table 4, such as water use or ozone depletion.  

 

The indicator “use of phosphorus” also encompasses cases where phosphorus was included as 

part of abiotic resource depletion/use, even if phosphorus was not reported separately. “Land 

use” was the actual land area used for grazing and feed production. Land quality was not 

included in any of the studies, except as the indicator “soil functioning” in one case. Energy 

use reported in the studies was as primary energy, secondary energy, fossil energy or non-

renewable energy. The category “pesticide use” included both pesticide use (e.g. kg active 

substance per produced unit) and toxicity assessments. “Emission impact: Global warming 

potential” is the one category with the most harmonised ways of calculating and reporting. 

“Eutrophying potential” and “acidifying potential” are other well established impact 

categories in LCA methodology. “Biodiversity” was included in only one study, using 

indicators based on, for example, the number of plant species in grasslands and the occurrence 

and quality of hedges in the landscape. 

 

Dairy cows are the most frequently studied animal category, followed by beef cattle and pigs. 

For poultry only few studies were found. With the exception of one study on Brazilian beef 

and a Peruvian study on dairy, all studies were based on information valid for countries in the 

northern hemisphere. Most studies were made for Western and Northern European livestock 

production. 

 
Table 4. The total number of studies (%) considered per animal category and frequency in the analysis of different 
environmental and animal welfare impacts (see Appendix 1 for further detail).  

Category 
(no. of 
studies) 

Resources 
Energy 
Use 

Pesticide 
Use/ 
Toxicity 

Emission impact 
Bio-
diversity 

Animal 
Welfare 

Phos-
phorus 
use 

Land 
Use 

Global 
warming 
potential 

Eutrophying 
Potential 

Acidifying 
Potential 

Milk (30) 6 (20%) 18 (60%) 18 (60%) 12 (40%) 30 (100%) 20 (67%) 20 (67%) 1 (3%) 2 (7%) 

Beef (21) 2 (10%) 7 (33%) 13 (62%) 3 (14%) 21 (100%) 11 (52%) 10 (48%) 0 (0%) 0 (0%) 

Pork (19) 5 (26%) 13 (68%) 11 (58%) 9 (47%) 19 (100%) 15 (79%) 15 (79%) 0 (0%) 2 (11%) 

Chicken (9) 2 (22%) 5 (56%) 7 (78%) 3 (33%) 8 (89%) 6 (67%) 6 (67%) 0 (0%) 0 (0%) 

Egg (8) 3 (38%) 7 (88%) 7 (88%) 2 (25%) 8 (100%) 7 (88%) 7 (88%) 0 (0%) 1 (13%) 

 

A large share of the studies found in the literature search were peer-reviewed articles (see 

Table 5). Most of the others were found to be well documented, i.e. transparent studies where 

much of the input data were clearly presented. The term “grey literature” represents reports 

which were not peer reviewed and where the documentation is too sparse to give an 

understanding of the results in relation to other studies. 
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Table 5. The number peer-reviewed, well documented or grey literature studies considered. 

Category Peer- reviewed Well documented Grey 

Milk (30) 21 (70%) 8 (27%) 1 (3%) 

Beef (21) 13 (62%) 7 (33%) 1 (5%) 

Pork (19) 8 (42%) 11 (58%) 0 (0%) 

Chicken (9) 5 (56%) 3 (33%) 1 (11%) 

Egg (8) 2 (25%) 5 (63%) 1 (13%) 

 

Environmental impacts from production systems with varying animal welfare 
potential – a review of studies comparing different systems 

In this section, the results from a selected number of the references found in the literature 

research are presented and analysed. For each animal category, reasonably recent studies of 

tolerable quality which compare different systems of animal production have been selected. 

Since there are differences in methodology (e.g. system boundary settings, choice of co-

product handling etc) between the studies, differences between animal production systems 

found in different studies can be a consequence of varying methodology choices rather than 

reflecting a true reality. 

 

Therefore comparisons are only made between production systems analysed in the same study 

where the same methodology is used for all the system analysis. Thus, only studies presenting 

results for at least two systems are included here. The most common system – from a 

European commercial production perspective – was chosen as a baseline. The results for the 

other systems in the study relate to the results of the baseline system as a percentage plus or 

minus. The baseline is unique for each study, but in most cases is called “conventional”, 

representing a typical non-organic agricultural practise in the region in question 

(predominantly Western Europe). However, one should not forget that conventional 

production may differ between countries and regions, and that this, as well as differences in 

methodology and emission factors, could lead to different outcomes from a comparison of, for 

example, conventional and organic animal production. 

 

Some of the studies referred to here were based on inventory data from commercial farms; 

some were based on agricultural statistics; some on models; and others on a combination of 

these. Information on data acquisition in the selected studies is in tables 6, 8, 10, 12 and 14 

below (see columns Basis for data acquisition). For all animal categories, a study by Williams 

et al.. (2006) was used as a reference. This study was based on modelling of conventional and 

organic production, using the Cranfield model. This model was updated in 2009, resulting in 

generally lower GHG emissions compared to 2006 (www.cranfield.ac.uk). The differences 

between conventional and organic crop production are smaller after the updating. The authors 

also state that there is disagreement about the interpretation of organic production in the 

model, which indicates that a comparison between conventional and organic production in 

this model may be uncertain. 
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Dairy 

Nine studies were included comparing systems with different animal welfare potential in milk 

production in industrialised countries (see Table 6). Seven of those compare LCAs or CFs 

from conventional and organic production. One study compares a north European dairy 

system with high yielding cows, high input of concentrate feed and limited access to grazing 

with current New Zealand dairy production based on continuous pasture, all year round. The 

LCA studies from Sweden (SE), the Netherlands (NL) and France (FR) and the carbon 

footprint studies from Sweden/New Zealand (NZ) and Denmark (DK) are based on data 

collected at conventional and organic dairy farms in production. The LCA study from the 

United Kingdom (UK) and the Austrian (AT) carbon footprint study are based on farms 

modelled on the basis of statistics and expertise. The CF study comparing European 

(Swedish) and New Zealand milk is based on national average data for total milk production. 

Results are presented in Table 7. 

 

All studies including energy use show lower use of energy for organic milk versus 

conventional, although with some variations across the different studies. Thomassen et al.. 

(2008) (ref. g) and Williams et al.. (2006) (i) report a substantially lower energy use while 

Werf et al.. (2009) (h) only shows a minor difference between the two systems. All of the 

LCA studies on dairy (a-i) show, unanimously, that organic production requires a larger land 

area which is mainly due to the absence of synthetic fertilisers and pesticides in crop 

production and the resulting lower yields. 

 

In the pesticide use and toxicity assessment impact category, organic milk has a much better 

performance which is mainly due to the non-use of pesticides. None of the studies included 

medicine use due to lack of data and methods for impact assessment. 

 

Emission of greenhouse gases the CF of milk is the most investigated environmental impact. 

The comparison of the CFs of milk in New Zealand and Sweden shows somewhat lower 

emissions from the pasture-based system in New Zealand with lower yielding cows (~4,100 

kg ECM per cow per year) as opposed to the intensive (8,200 kg ECM per cow per year) 

Western European system with pronounced use of concentrate feed (Flysjö et al.., 2011) (d). 

However, the uncertainties in the models and emission factors when calculating emissions of 

methane and nitrous oxides from agricultural systems are larger than the difference in carbon 

footprint (approximately 14% lower for New Zealand dairy system). Thus, the difference in 

GHG emissions between the systems is not significant (Flysjö et al.., 2011) (d). The other 

comparison LCA studies, with the exception of the Williams et al.. (2006) (i), vary from 9% 

lower to 7% higher for organic milk versus conventional, these are small differences and most 

probably within the uncertainty margin. Hörtenhuber et al.. (2010)(e) compared conventional 

and organic production in three different regions of Austria – alpine, uplands and lowlands. 

For the upland region, two scenarios were analysed – one with a pasture-based, low-input 

approach, and the other with higher stocking densities and more concentrates in the feed 

ration. The study found lower or similar GHG emissions from organic production compared 

to conventional in all of the studied regions. However, the differences between regions were 

often larger than differences between conventional and organic within a given region. 

Emissions were highest in alpine regions (low yields) and lowest in the lowlands, where the 

yields were high. The pasture-based production in the uplands emitted more, or as much 

greenhouse gases as the upland production with a higher proportion of concentrates in the 

feed. 

 



50  SIK 

Table 6. Information on studies comparing different dairy production systems. One of the systems in each study was chosen as the baseline, to which the results from the other systems 
are related. Abbreviations: FU=functional unit, stat. qual.= statistical quality, NZ=New Zealand, SE=Sweden, AT=Austria, DK=Denmark, NL=Netherlands, UK=United Kingdom, MS=milk 
solids, ECM=energy corrected milk, FCM=fat corrected milk, org=organic and conv.=conventional. 

Ref. Country FU Baseline system Other system/s/ Allocation Basis for data 
acquisition 

Peer 
reviewed 

Stat. qual. 
presented 

Barber 
(2010) 
(a) 

NZ 1 kg MS 
at farm 
gate 

Conv; 349 kg 
MS/(cow*yr) 

Org.; 309 kg MS/(cow*yr) Biological allocation, 86% to milk. 10 conv. and 12 org. 
farms + 1 org. monitor 
farm 

No, but 
well doc-
umented. 

Yes. 

Cederberg & 
Flysjö (2004) 
(b) 

SE 1 kg ECM 
at farm 
gate 

Conv. (high yielding); 
9,240 kg 
ECM/(cow*yr) 

1) Org.; 7,690 kg ECM/(cow*yr) 
2) Conventional medium yielding 

(results not included here). 

LCI, no allocation.  9 conv. "high" farms, 8 
conv. "medium" farms 
and 6 org. farms 

No, but 
well doc-
umented. 

Yes. 

Cederberg et 
al. (2007) 
(c) 

SE 1 kg ECM 
at farm 
gate 

Conv.; 9,045 kg 
ECM/(cow*yr) 

Org.; 7,745 kg ECM/(cow*yr) Economic allocation, 90% to milk 16 conv. farms and 7 
org. farms 

No, but 
well doc-
umented. 

Yes. 

Flysjö et al. 
(2011) 
(d) 

NZ, SE 1 kg ECM 
at farm 
gate 

Swedish average; 
8,274 kg 
ECM/(cow*yr).  

New Zealand average; 4,118 kg 
ECM/(cow*yr). 

No allocation to meat; 100% to milk. Models based on 
national statistics. 

Yes. Yes. 

Hörtenhuber 
et al. (2010) 
(e) 

AT 1 kg ECM 
at farm 
gate 

Conv. lowland; 8,000 
kg /(cow*yr) 

1) Org. lowland; 7,000 kg/(cow*yr)  
2) Conv. upland; 7,000 kg/(cow*yr)  
3) Organic upland; 6,500 kg/ (cow*yr) 
4) Upland pasture-based; 5,500 kg/ 

(cow*yr) (conv. and org.) 
5) Alpine regions; (5,500 kg/ (cow*yr) 

(conv. and org.).  

System expansion for meat 
production. 

Models based on 
statistics etc. 

Yes. No. 

Kristensen et 
al. (2011) 
(f) 

DK 1 kg FCM 
at farm 
gate 

Conv.; 8,201 kg 
ECM/(cow*yr) 

Org.; 7,175 kg ECM/(cow*yr) 5 approaches: unallocated, own 
model*, protein mass allocation, 
biological allocation, economical 
allocation and system expansion. 

35 conv. farms and 32 
org. 

Yes. Yes. 

Thomassen 
et al. (2008) 
(g) 

NL 1 kg 
ECM** at 
farm gate 

Conv.; 7,991 
kg/(cow*yr) 

Org.; 6,138 kg/(cow*yr) Economic allocation  10 conv. farms and 11 
org. 

Yes. Yes. 

Werf et al. 
(2009) 
(h) 

FR 1 kg 
ECM** at 
farm gate 

Conv.; 7,678 kg 
FPCM/(cow*yr) 

Org.; 5,507 kg FPCM/(cow*yr) Economic allocation; 82% to milk in 
conv. systems and 80% to milk in 
org. ones. 

41 conv. farms and 6 
org. 

Yes. Yes. 

Williams et 
al. (2006) 
(i) 

UK 1 L milk 
at farm 
gate 

Conv.; 6,550 
kg/(cow*yr). 80% 
autumn calving. 

Org.; 4,950 kg/(cow*yr). All year 
round calving. 

Unclear. Models based on 
statistics, expertise 
etc. 

No, but 
well doc-
umented. 

No. 

*) Own model based on mass of products. 

**) The unit used in the study was fat and protein corrected milk (FPCM), but it was assumed here that 1 kg FPCM corresponds to 1 kg ECM. 
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Table 7. Results from studies comparing different dairy production systems. One of the systems in each study was chosen as a baseline, and the results of the other systems are given in 
relation to that baseline, as a percentage + or -. Note that comparisons are made within the studies only. Note also that there are different functional units (FU’s) used in different studies. 
Alternative units for environmental impacts are given as footnotes. More information on the systems is given in Table 6. 

Ref. System Land 
use 

Energy 
use 

Phosphorus 
use 

Pesticide use 
/Toxicity 

GHG 
emissions 

Eutrophying 
potential 

Acidifying 
Potential 

Comments to figures 

  m
2
/FU MJ/FU g/FU dose /ha/FU kg CO2-e/FU g PO4-e/FU g SO2-e/FU  

a Conventional     11   Eutrophying and acidifying emissions 
included, but not characterised. Organic     0%   

b Conventional ("high yielding") 1.4 2.6 1.33 71* 0.90   Energy use: direct energy only. Land use: 
excluding semi-natural grassland. Organic  74% -19% -40% -89% 5%   

c Conventional 2.5 3.7 1.7 59* 1.0 180** 0.49*** Energy use: direct energy only. Land use: 
excluding semi-natural grassland. Organic 31% -19% -63% -66% -8% 26% 14% 

d Sweden      1.2    

New Zealand     -14%   

e Lowland Conventional     0.90   GHG emissions including LUC. 

Lowland Organic     -9%   

Uplands Conventional     14%   

Uplands Organic     1%   

Uplands Conventional max pasture     14%   

Uplands Organic max pasture     6%   

Alpine Conventional     32%   

Alpine Organic     13%   

f Conventional unallocated 1.8    1.2    
 Organic unallocated 33%    6%    

 Conventional, own allocation model     1.0    
 Organic, own allocation model      3%    

 Conventional protein mass     0.99    
 Organic protein mass     3%    

 Conventional biological     0.91    
 Organic biological     -1%    

 Conventional economic allocation     1.1    
 Organic economic allocation     4%    

 Conventional system expansion     0.94    
 Organic system expansion     2%    

g Conventional 1.3 5   1.4 0.11^ 0.0095  
 Organic 38% -38%   7% -36% 14%  

h Conventional 1.4 2.8  0.0018^^ 1.0 7.1 7.6  
 Organic 52% -7%  -59% 4% -30% -11%  

i Conventional 1.2 2.5 2.8^^^ 0.00035 1.1 6.3 16  
 Organic 66% -38% -50% -100% 16% 63% 63%  
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*) mg a.i./FU 
**) g O2-e/FU 
***) mol H+/FU 
^) kg NO3-e/FU 
^^) kg 1.4-DCB-eq/FU 
^^^) g Sb-e/FU (this unit indicates that more resources than P was included) 

 

 0-20% higher than baseline 

 >20 % higher than baseline 

 0-20% lower than baseline 

 >20 % lower than baseline 
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The study by Kristensen et al.. (2011) (f), which is a recent peer-reviewed paper including 

data from many farms (67 of which 32 organic), concludes that there are large variations in 

GHG emissions per kg milk within two well-defined production systems, but that the 

difference in average GHG emission per kg milk from organic and conventional production is 

negligible. The difference is small for all partitioning approaches. Williams et al. (2006) (i) 

deviates from the other studies and concludes that there are 20% lower GHG emissions from 

conventional milk.  

 

For the eutrophying potential, the results diverge in the LCA-studies including these 

impacts. Lower eutrophication potential for organic milk is shown by Werf et al. (2009) (h) 

and Thomassen et al. (2008) (g) while the Cederberg et al. (2007) (c) study reports higher 

contributions from organic milk. When nutrient emissions are reported per hectare of 

farmland (Werf et al., 2009; Cederberg et al., 2007), the eutrophication potential is much 

lower at the organic farms. As previously discussed, including area-based indicators for 

nitrate-leaching in an LCA is a valuable complement when assessing the risk for groundwater 

pollution of nitrates. Williams et al. (2006) (i) deviates from the others in having a 

substantially higher eutrophication potential for organic milk than for conventional, more than 

60% higher.  

 

The acidifying potential is somewhat higher for organic milk in Thomassen et al. (2008) (g) 

and Cederberg et al. (2007) (c), while Werf et al. (2009) (h) shows a slightly lower 

acidification potential for organic milk. Ammonia emission from manure is the most 

important contributor to the animal products´ acidification potential but is also important to 

the eutrophication potential. Since a significant share of the ammonia emissions can be 

deposited close to the source, an area-based indicator is also interesting for ammonia, giving a 

view of the risk of local damage. Werf et al. (2009) (h) and Cederberg et al. (2007) (c) 

include an acidification impact score and/or ammonia emission per hectare of farmland, 

showing considerably higher emissions for conventional systems due to higher stocking 

density. Similar to the eutrophication potential, Williams et al. (2006)(i) deviates from the 

others showing substantially higher acidification potential (>60%) for organic milk compared 

to conventional. 

 

Energy use was somewhat lower in organic systems according to all studies including this 

impact. Phosphorus use/abiotic resource depletion was included in three of the studies, and 

was about half the level found in organic compared to conventional. Pesticide use or 

ecotoxicity was included in four studies. Two of those including pesticide use (Cederberg & 

Flysjö, 2004 (b); Cederberg et al., 2007 (c)) were performed in Sweden before the EC 

regulations required 100% organic feed for organic dairy cows. Therefore, a small proportion 

of conventional concentrates were used in the organic production, and the reduction in 

pesticide use was “only” 66-89 % compared to conventional production, according to these 

studies. Williams et al. (2006)(i) however, assumed 100 % organic feed to the cows. Werf et 

al. (2009)(h) included a toxicity assessment, involving more aspects than just pesticide use, 

and found a 59 % reduction in organic production compared to conventional. 

Beef 

The number of LCA studies published where results are presented for systems with different 

animal welfare potential is lower for beef than for dairy. We selected seven studies of which 

five are based on European production systems, one in the US and one in Australia (AU) (see 

Table 8). Beef can be produced in a large diversity of systems, from intense feedlots, based 

mostly on concentrates, to predominantly grazing systems. The beef systems also have a 
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strong interaction with milk production, since more than half of the world production of beef 

is derived as by-products from the dairy sector (Gerber et al., 2010). 

 

Carbon footprint accounting dominates the environmental assessments of beef. Casey & 

Holden (2006a) (ref. a in Table 8) show minor GHG reductions if a traditional cow-calf 

system were managed more intensively, meaning lower slaughter ages. To achieve more 

significant reductions, beef should be produced from dairy bull calves, according to the study. 

In this study, the environmental burden of the dairy production system was split on milk and 

meat using mass allocation. This attributes a smaller proportion of the burden to the meat, 

compared to other allocation approaches, which can be seen in the study by Kristensen et al. 

(2011), study f in Table 8
9
. Lower burden for milk means higher share of the burden allocated 

to meat for a given production system. Minor mitigation potential for GHG emissions due to 

organic production in a cow-calf system are shown by Casey & Holden (2006b). Contrary to 

findings in the Casey & Holden (2006a; 2006b) (a;b) studies, Chassot et al. (2005) (c), Peters 

et al. (2010 (f) and Williams et al. (2006) (g) show 5-18% higher GHG emissions in extensive 

or organic production systems than in conventional systems. The study modelling EU-27 beef 

production into four distinct systems (no organic system included) shows higher GHG 

emissions for dairy bull calves raised as steers with outdoor grazing periods and higher 

slaughter ages in comparison with intensively raised bulls raised indoors, mostly fed with 

concentrates leading to low slaughter ages (Nguyen et al., 2010) (d). The studies by Williams 

et al. (2006) (g) and Nguyen et al. (2010) (d) confirm the conclusions from Casey & Holden 

(2006a) (a), that beef from suckler-cow/calf systems has a significantly higher carbon 

footprint than by-product beef from the dairy sector. The cow in the cow-calf system only 

produces meat products as opposed to the dairy cow that produces milk as well as by-products 

including meat from culled cows and surplus calves. 

 

Eutrophying and acidifying potential for beef raised in organic or conventional systems 

with high slaughter ages are substantially higher than “standard” conventional systems in both 

Ngyuen et al. (2010) (d) and Williams et al. (2006) (g) studies. Several things contribute to 

this: the longer lifetime to produce one kg beef requires more maintenance feed and land and 

thus gives higher leaching; and more manure is produced per kg beef in the systems with 

longer-living cattle. This increases the risk of losses of reactive nitrogen. Ammonia losses 

were twice as large for the steers with slaughter age 22-24 month, compared to 18-20 months 

(Williams et al., 2006) (g). These results can also be explained by how the modeling of 

nitrogen flows and emissions are done in the studies. Nguyen et al. (2010) (d) have very high 

N-leaching per hectare of land, including grassland, which usually is a land type with low 

leaching potential.  

 

The energy use is similar or slightly higher for organic beef and other beef with lower growth 

rates, according to most of the studies considered. However, Williams et al. (2006) (g) report 

substantially lower energy use from organic beef production than from conventional systems. 

Cow-calf beef production systems have larger energy use per kg beef compared to beef from 

dairy herds, since meat is the single product achieved from the system. The more slow 

growing beef systems occupy more land than conventional systems. Some of this increased 

                                                 
9
 Results based on different partitioning approaches were presented in the study by Kristenssen et al (2011): 

mass based, protein based, biological and economic allocation plus system expansion. The results for massed 
based allocation were referred to in Table 9

 

Table 9. 
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land area is grassland, and it is not made clear in the studies to what extent this land is high-

value biodiversity land or has other biodiversity values. 

 

Use of pesticides was included in the study by Williams et al. (2006) (g). The study reported 

no use of pesticides in organic production which in this case means 100% reduction compared 

to conventional systems. This was expected in the light of current regulations on organic 

production. Chassot et al.. (2005) (c) included a toxicity assessment, involving more aspects 

than pesticide use only, and found a reduction by half in terrestrial and aquatic toxicity effect 

from the organic system compared to the conventional system, but no considerable difference 

in human toxicity. 
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Table 8. Information on studies comparing different beef production systems. One of the systems in each study was chosen as the baseline, to which the results from the other systems are 
related. Abbreviations: IE=Ireland, CH=Switzerland; EU=European Union, AU=Australia, UK=United Kingdom, LW=live weight, CW=carcass weight, DBC=Dairy bull calf system, SCC= Suckler 
cow-calf system, HSCW=Hot standard carcass weight, org.=organic and conv.=conventional. 

Ref. Country Functional 
unit (FU) 

Baseline system Other system/s/ Allocation Basis for data 
acquisition 

Peer 
reviewed 

Statistical 
quality 
presented 

Casey & 
Holden 
(2006a)  
(a) 

IE 1 kg LW at 
farm gate 

Typical Irish beef-suckler 
(BS) system: final LW 647 kg 
(730 days). Outdoor 
summertime; 3 versions 
with 3 different 
supplements (of which 
supp. 1 is reported here). 

1. Shortened life scenario final LW 534 kg (579 days) 
2. Non-castrated male, intensive indoor final LW 530 kg (434 d) 
3. As baseline, but dairy-bred animals; final LW 540 kg (730 d) 
4. As (1) but dairy-bred animals; final LW 540 kg (579 d) 
5. As (2) but dairy-bred animals; final LW 540 kg (434 d) 

Mass alloc-
ation from milk 
production 
where 
relevant: 3.4% 
to meat. 

Models based 
on statistics, 
expertise etc. 

Yes. Yes. 

Casey & 
Holden 
(2006b)  
(b) 

IE 1 kg LW at 
farm gate 

Conv.; final LW 620-660 kg 
(males, 730 days) and 510-
550 kg (females, 580-595 
days)  

1. Cattle in an environmental scheme; final LW 511-660 kg 
(males, 579-730 days) and 509-540 kg (females, 590-595 
days) and  

2. Organically bred cattle; final LW 450-605 kg (males, 620-
760 days) and 400-520 kg (females, 580-599 days). 

None. 5 farms in 
each system; 
all suckler 
beef-
production. 

Yes. Yes. 

Chassot et 
al.. (2005)  
(c) 

CH No 
information 

Intensive fattening (no info. 
on final LW or slaughter 
age) 

Extensive (no info. on final LW or slaughter age) No 
information. 

No 
information. 

No. Yes. 

Nguyen et 
al.. (2010)  
(d) 

EU 1 kg CW at 
farm gate 

Dairy bull calf system (DBC), 
fast, final LW 450 kg (365 
days) cereal based 
production. 

1. Dairy bull calf system (DBC), medium, final LW 515 kg (487 
days), cereals + silage 

2. DBC, slow, final LW 620 kg (730 days), grazing 
3. Suckler cow-calf system (SCC), final LW 600 kg (males, 487 

days) and 470 kg (females, 487 days); grazing. 

Allocation from 
milk produc-
tion was based 
on feed energy 
for pregnancy. 

Models based 
on statistics, 
expertise etc. 

Yes. No. 

Pelletier 
(2010) 
(e) 

US 1 herd; 75 
finished 
cattle at 
farm gate 

Intensive feed-lot finishing 
system; final LW 637 kg 
(303 days after weaning), 
hormones included in feed. 

1. Medium-intensive mixed feedlot/pasture finishing system; 
final LW 637 kg (450 days after weaning), hormones in 
feedlot period 

2. Pasture based finishing system; final LW 505 kg (450 days 
after weaning)  

None. Models based 
on information 
from 
producers, 
expertise etc. 

Yes. No. 

Peters et 
al. (2010)  
(f) 

AU 1 kg HSCW 
at meat 
processing 
plant 

Conv. export beef; no info 
on final LW or age at 
slaughter. 

Organic beef, no info on final LW or age at slaughter. Mass alloca-
tion between 
meat and its 
co-products. 

One supply 
chain for each 
of the systems. 

Yes. No. 

Williams et 
al.. (2006) 
(g) 

UK 1 kg CW at 
farm gate 

Conv.; 35% from suckler 
herds and 65% from dairy 
herds. Final LW 515 -565 kg 
(550-730 days). 

Org. 100% suckler. Final LW 490 kg (no info on slaughter age).  Models based 
on statistics, 
expertise etc. 

No, but 
well docu-
mented. 

No. 
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Table 9. Results from studies comparing different beef production systems. One of the systems in each study was chosen as a baseline, and the results of the other systems are given in 
relation to that baseline, as a percentage + or -. Note that comparisons are made within the studies only. Note also that there are different functional units (FU’s) used in different studies. 
Alternative units for environmental impacts are provided in footnotes. More information on the systems is provided in Table 8. 

Ref. System Land use Energy use Phosphorus 
use 

Pesticide use 
/Toxicity 

GHG 
emissions 

Eutrophying 
potential 

Acidifying 
Potential 

Comments to figures 

  m
2
/FU MJ/FU g/FU dose /ha/FU kg CO2-e/FU kg PO4-e/FU kg SO2-e/FU  

a Typical Irish beef-suckler system (BS)     11    
 Shortened life scenario (1),      -8%    
 Non-castrated male, intensive indoor (2)     -4%    
 As BS, but dairy-bred animals     -13%    
 As (1), but dairy-bred animals     -36%    
 As (2), but dairy-bred animals     -33%    

b Conventional     13    
 Environmental scheme     -6%    
 Organic     -14%    

c Intensive fattening  100  100 100 100 100 No figures, only relative 
information.  Extensive  5%  ^ 5% -24% -2% 

d Intensive dairy herd 1 17 41   16 620* 100** Land use: opportunity 
cost presented. Energy 
only non-renewable, 
primary. 

 Medium-intensive dairy herd 2 1% 1%   12% 18% 30% 

 Low-intensive dairy herd 3 38% 17%   24% 83% 71% 

 Suckler herd 120% 43%   71% 170% 110% 

e Feedlot  2 200 000   860 000 6 000   
 Feedlot+pasture  18%   9% 15%   
 Pasture  5%   7% 14%   

f Conventional export beef  20   15   Average grain and grass 
finished beef  Organic  1%   18%   

g Conventional 23 28 36*** 0.0072 16 0.16 0.47  
 Organic 83% -35% -14% -100% 15% 110% 52%  

 

*) g NO3-e/FU 

**) g SO2-e/FU 

***) g Sb-e/FU  (this unit indicates that more resources than P was included) 

^) Toxicity: human toxicity: -5%; aquatic toxicity: -50%; terrestrial. toxicity: -54%  

 

 0-20% higher than baseline 

 >20 % higher than baseline 

 0-20% lower than baseline 

 >20 % lower than baseline 
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Pigs 

LCA studies comparing pork production systems with different animal welfare potential were 

found from France (FR), Denmark (DK), Australia (AU) and the UK (see Table 10). All 

studies were based on modelled production. Results are presented in Table 11. 

 

Use of energy is substantially higher for organic pork versus conventional systems according 

to Basset-Mens & van der Werf (2005) (ref. a in Table 11), but this study only includes non-

renewable energy. By comparison, organic pork production requires less energy than 

conventional systems according to Williams et al. (2006) (d). There is a difference in organic 

and conventional pig production since organic production means outdoor access and thus 

lower demands for resources for construction of farm buildings. This was included by Basset-

Mens & van der Werf (2005) (a), but does not seem to be accounted for by Williams et al. 

(2006) (d). If energy cost for the construction of buildings were to be added to Williams‟ 

study, the results for energy use would probably show an even greater advantage for the 

organic system. 

 

According to the French study (Basset-Mens & van der Werf, 2005) (a), the organic pig 

production system provided more than 70% higher GHG emissions than the conventional 

system. The stages “weaning and slaughtering” (probably including manure emissions) and 

“crop and feed production” contributed the most, compared to conventional production. 

Moreover, the pig manure was supposed to be composted in the organic system, leading to 

additional emissions. In the Danish study comparing different organic systems (Halberg et al., 

2010) (b) it was found that a free range system had significantly higher GHG emissions than 

both the indoor system and the tent system, mainly due to higher emissions of N2O and the 

higher feed import. The study also relates the results for the organic systems to conventional 

agriculture, saying that the organic indoor system had 7 % higher GHG emissions than 

conventional system, while the emissions from the free range system were 22 % higher. These 

results contrast with Williams et al. (2006) (d), according to which organic production had 

similar or somewhat lower GHG emissions than conventional production. The French Red 

Label (which is an intermediate system between organic and conventional production 

regarding number of piglets per sow, feed efficiency etc) also show higher GHG emissions 

than conventional system, while the emissions for the UK outdoor conventional pork were in 

the same range as conventional production (Basset-Mens & van der Werf, 2005; Williams et 

al., 2006). 

 

Williams et al. (2006) (d) and Basset-Mens & van der Werf (2005) (a) included pesticide use 

as an indicator for toxicity showing the organic system to have a much lower zero use of 

pesticides. Impact on biodiversity from pig production was not included in any of the studies. 

 

These two studies show similar or somewhat lower eutrophying and acidifying potential for 

organic pork compared to conventional systems. According to the Danish study (Halberg et 

al.., 2010), comparing the organic with conventional systems, the contribution to 

eutrophication from the organic indoor system was 35% higher than from a conventional 

system.
10

 The corresponding figure from the organic tent system was 21 % higher and from 

                                                 
10

 Our calculation from the results reported by Halberg et al (2010) provides a 17% higher contribution to 
eutrophication from the organic indoor system than from conventional pigs. 
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free range, 65% higher than from conventional pig production.
11

 This was not explained 

except for the free range system, where it was attributed to leaching from the grasslands. The 

Danish study also reports higher acidification per kg of pig meat from the organic systems 

(18-43%) than from conventional production. This was explained by larger NH3 losses from 

outdoor run (indoor fattening), grasslands (free range) and deep litter bedding (tent). This 

could also have a bearing upon the eutrophication. 

 

All studies (a-d) show substantially higher land requirement for organic pig production, as 

much as 50% to over 100% more than for conventional production. That means that some 

organic pig production systems analysed require double the amount of land to produce one 

kilogram of pig meat. The main reasons for this are the lower crop yields in organic 

agriculture which lead to larger land areas needed for the provision of feed. But feed 

efficiency also is lower in organic production due to the absence of synthetic amino acids, 

lower growth rates and extra energy requirement for free range pigs. 

 

                                                 
11

 Our calculation from the results reported by Halberg et al (2010) provides a 17% higher contribution to 
eutrophication from the organic tent system than from conventional pigs, and 66% higher from the organic 
free range hut system compared to conventional. 
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Table 10. Information on studies comparing different pig meat systems. One of the systems in each study was chosen as the baseline, to which the results from the other systems are 
related. Abbreviations: FR=France, DK=Denmark, AU=Australia, UK=United Kingdom, t=tonne, LW=live weight, CW=carcass weight, HSCW=hot standard carcass weight, org.=organic and 
conv.=conventional. 

Ref. Country Functional 
unit 

Baseline system Other system/s/ Basis for data 
acquisition 

Peer 
reviewed 

Statistical 
quality 
presented 

Basset-Mens & 
Werf (2005) 
(a) 

FR 1 kg pig 
meat 

Conv.; LW at slaughter 113 kg (175 days) 1. Red label; LW at slaughter 115 kg (190 days). 
2. Org.; LW at slaughter 120 kg (195 days). 

Models based on 
statistics, 
expertise etc. 

Yes. No. 

Halberg et al.. 
(2010) 
(b) 

DK 1kg LW at 
farm gate 

Org.; final LW 100 kg. Sows on grassland 
outdoors, fattening pigs indoors with 
outdoor access (concrete and slatted floor). 
No info. on slaughter age. 

1. Org.; final LW 100 kg. Fattening pigs outdoors on 
grassland, free range with moveable huts. No info. on 
slaughter age. 

2. Org.; final LW 100 kg. Fattening pigs outdoors on 
grassland and deep beddings with tents as shelter. No 
info. on slaughter age. 

Models based on 
empirical data. 

Yes. No. 

Weidemann 
(2010) 
(c) 

AU 1 kg HSCW 
after 
wholesale 
distribution 

Conv.; final LW unknown. Deep-litter sheds. Final LW unknown. Models based on 
information from 
extension 
services etc. 

No, but 
well docu-
mented. 

No. 

Williams et al. 
(2006) 
(d) 

UK 1 kg CW at 
farm gate 

Conv.; LW at slaughter age is a mix of 76 kg 
(75%), 87 kg (20%) and 109 kg (5%). 80% of 
breeding units, 25% of weaning units and 
0% of finishing units are assumed to be 
outdoors. No info. on slaughter age. 

Org.; LW at slaughter age 94 kg. Integrated breeding, 
weaning and finishing, all outdoors. No info. on slaughter 
age. 

Models based on 
statistics, 
expertise etc. 

No, but 
well docu-
mented. 

No. 
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Table 11. Results from studies comparing different pig production systems. One of the systems in each study was chosen as a baseline, and the results of the other systems are given in 
relation to that baseline, as a percentage + or -. Note that comparisons are made within the studies only. Note also that there are different functional units (FU’s) used in different studies. 
Alternative units for environmental impacts are provided in footnotes. More information on the systems is provided in Table 10. 

Ref. System Land 
use 

Energy 
use 

Phosphorus 
use 

Pesticide use 
/Toxicity 

GHG 
emissions 

Eutrophying 
potential 

Acidifying 
Potential 

Comments to figures 

  m2/FU MJ/FU g/FU dose/ha/FU kg CO2-e/FU kg PO4-e/FU kg SO2/FU  

a Conventional 5.4 16*  1.4** 2.3 0.021 0.044 Energy use: Non-renewable energy only. 

 Red label 16% 13%  5% 50% -20% -48% 

 Organic 82% 40%  -83% 73% 4% -14% 

b Organic indoor with outdoor access 6.9    2.9 270*** 57 Results for conventional production from 
a comparable study referred to in the 
study: 2.7 kg CO2-e/kg LW 
230 kg NO3-e/kg LW 
43 kg SO2-e/kg LW 

 Organic free range, hut 33%    14% 42% 7% 

 Organic tent
12

 23%    -3% 0% -11% 

d Conventional  24.5   5.5    

 Deep-litter sheds  -17%   -44%    

e Conventional  7.4 17 35^ 0.0088 6.4 0.10 0.40  

 Organic 73% -13% -6% -100% -11% -43% -67%  

*) MJ LHV 
**) g a.i./FU 
***) g NO3-e/FU 
^) g Sb-e/FU (this unit indicates that more resources than P were included) 
 

 0-20% higher than baseline 

 >20 % higher than baseline 

 0-20% lower than baseline 

 >20 % lower than baseline 

 

                                                 
12

 The tent is a canvas construction with no floor. 
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Poultry 

Chicken 

In the literature review, only three studies were found comparing systems with different 

animal welfare potential for chicken meat production, two of which are from the UK, partly 

using the same data (see Table 12). The third study was conducted in Italy (IT). Although not 

comparable, we completed the overview of chicken meat with LCA results from a study of 

the US poultry sector, to represent a large-scale industrial system which is the dominant 

world-wide production system for chicken meat. Results from the studies considered are 

presented in Table 13. 

 

Like pork, organic chicken meat requires substantially more land. The reviewed results show 

increases in the range 90-130%, thus generally doubling the yearly land occupation to 

produce one kg of chicken meat. Boggia et al. (2010) (ref. a in Table 13) show results of a 

slightly lower energy use for basic organic chicken while the studies by Williams et al. 

(2006; 2009) (c;d) show somewhat higher energy use for organic production. In Pelletier´s 

(2008) (b) analysis of the US poultry sector energy use at farm gate is approximately 22 

MJ/kg CW, which is substantially higher than energy use for chicken meat in the studies by 

Williams et al. (2006; 2009) (c;d) of both organic and conventional production. The higher 

energy use according to the study by Pelletier (2008) (b) can be an effect of very long feed 

transports (1,000 km) from crop production to livestock units.  

 

Pesticide use is much lower in organic poultry production than in conventional (Williams et 

al., 2006; 2009). Although Boggia et al.. (2012) (a) conclude that the organic systems has the 

best environmental performance, they report that the ecotoxic effect from organic and organic 

plus production is higher than from conventional production. This cannot be accounted for 

from the information in the article, and is neither commented on nor explained by the authors. 

Boggia et al.. (2010) point out three main impacts from chicken production (valid for all 

production systems). Ecotoxicity is not one of them, and we have no basis for putting much 

weight on the ecotoxicity results. 

 

Greenhouse gas (GHG) emissions from organic production are lower than from 

conventional systems according to Boggia et al. (2010) (a), while the Williams et al. (2006; 

2009) (c;d) studies show considerably higher emissions for organic systems. A free-range 

conventional system increases GHG emissions only moderately (about 15%) according to the 

Williams et al. (2009) (d) study. The US study gives a much lower GHG emission of poultry 

meat than the Williams et al. (2006; 2009) (c;d) studies, about 2.0 kg CO2-e/kg CW when 

crediting for avoided fertiliser production due to use of chicken manure. The crediting means 

that a system expansion was made, where the manure was assumed to substitute mineral 

fertilisers. The avoided use of fertilisers was credited to the poultry production, but the 

environmental burdens from transport of, and emissions from, the manure were charged to the 

poultry production system. 
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Table 12. Information studies comparing different poultry production systems. One of the systems in each study was chosen as the baseline, to which the results from the other systems 
are related. The study by Pelletier (2008) is not a comparison study, and investigates only one system. Abbreviations: IT=Italy, UK=United Kingdom,  t= tonne, LW=live weight, CW=carcass 
weight, conv.=conventional and org.=organic. 

Ref. Countr
y 

Functional 
unit 

Baseline system Other system/s/ Basis for data acquisition Peer 
reviewed 

Statistical 
quality 
presented 

Boggia et al. (2010) 
(a) 

IT 1 t meat at 
farm gate 

Conv. Final LW 2.6 kg (50 days) 1. Org. Final LW 3.5 kg (81 days)  
2. Org. plus. Final LW 2.5 kg (110 days). 

1 producer from each 
system. 

Yes. No. 

Pelletier (2008) 
(b) 

US 1 t LW at 
farm gate 

Conv. Final LW 2.26 kg (48 days) None Model based on expertise, 
statistics and literature. 

Yes. No. 

Williams et al. (2006) 
(c) 

UK 1 t CW at 
farm gate 

Conv. Both chickens (80%) and 
turkey (20%) included. Chicken final 
LW 2.54 kg. 

Org. free range. Chicken final LW 3 kg (82 days). Models based on statistics, 
expertise etc. 

No, but 

well docu-

mented. 

No. 

Williams et al. (2009) 
(d) 

UK 1 t CW at 
farm gate 

Conv. fully housed. 1. Org. 
2. Conv. free range 

Models based on Williams 
et al. (2006) (updated) 

No. No. 

 
Table 13. Results from studies of poultry meat production systems. One of the systems in each study was chosen as the baseline, and the results of the other systems are given in relation 
to that baseline, as a percentage + or -. Note that comparisons are made within the studies only. Note also that there are different functional units (FU’s) used in different studies. 
Alternative units for environmental impacts are provided as footnotes. More information on the systems is provided in Table 12. 

Ref. System Land 
use 

Energy 
use 

Phosphorus 
use 

Pesticide use 
/Toxicity 

GHG 
emissions 

Eutrophying 
potential 

Acidifying 
Potential 

Comments to figures 

  m
2
/FU MJ/FU g/FU dose/ha/FU kg CO2-e/FU kg PO4-e/FU kg SO2/FU  

a Conventional 0.38* 0.20*  0.0048* 0.016* 0.036*  Damage function approach (endpoint analysis). 
Energy use: fossil fuels only. EP and AP 
presented in the same category. Ecotoxicity 
included. 

 Organic 89% -14%  210% -24% -13%  
 Organic plus 140% 3%  270% -9% 16%  

b Conventional  15 000   1 400 3.9 16  

c Conventional 6 400 12 000 29** 7.7 4 600 49 170  
 Organic 120% 32% 241% -92% 46% 76% 53%  

d Conventional fully housed 6 100 16 000 15** 3 2 600 20 37  
 Organic 130% 16% 7% -90% 50% 110% 70%  
 Conventional free range 25% 4% 53% 23% 15% 25% 24%  

 

*) points (describing the environmental damage) 

**) kg Sb-e/FU(this unit indicates that more resources than P was included). 

 

 0-20% higher than baseline 

 >20 % higher than baseline 

 0-20% lower than baseline 

 >20 % lower than baseline 
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The Williams et al. (2006; 2009) (c;d) studies show substantially higher eutrophying and 

acidifying potential for organic production which mainly is an effect of higher ammonia 

emissions and larger land areas for crop production. The free-range conventional system has 

higher eutrophication and acidification potential, around 25% higher than conventional indoor 

systems. By contrast, the results from Boggia et al. (2010) (a) show relatively similar 

eutrophication and acidification potential for standard organic and conventional production 

while organic production with higher animal welfare has somewhat higher impact, due to 

slower growth, which implies a higher feed consumption per kg CW, as well as a larger 

manure production. 

 

Eggs 
With regard to egg production, LCA-studies from the Netherlands (NL) and UK compare egg 

production systems with different animal welfare potential (see Table 14. Mollenhurst (2006) 

(ref. a)), and included four conventional systems. For this report, battery cages were set as the 

reference. This study shows larger land use for the systems with an outdoor run (see Table 

15). Energy use has only minor differences between the four Dutch animal welfare systems, 

but eutrophying potential is substantially larger for the deep litter and outdoor systems. This 

was explained by higher ammonia losses from the deep litter and higher nitrate leaching from 

the outdoor systems. The acidifying potential was highest for the deep litter systems due to 

the ammonia emissions from the litter.  

 

Williams et al. (2009) (c) provided the data for caged hens in conventional production as the 

reference system. We compared this with two cage-free conventional systems with higher 

animal welfare potential and one organic system. Land use increases by a third in the two 

conventional systems with better animal welfare potential and more than doubled in the 

organic system. There are only minor differences in energy use for egg production in the four 

systems modeled by Williams et al. (2009) (c), while GHG emissions of the three systems 

with higher animal welfare potential is 13-20% higher compared to conventional production 

with caged hens. Similar to Mollenhurst (2006) (a), the free range conventional system, as 

well as the organic system, shows considerably higher eutrophying and acidifying 

potential. 

 

Pesticide use was 99% lower in organic production versus conventional, according to the 

studies by Williams et al. (2006; 2009) (b;c). This means that a very small proportion of the 

feed to the organic hens was assumed to be conventional. 
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Table 14. Information studies comparing different egg production systems. One of the systems in each study was chosen as the baseline, to which the results from the other systems are 
related. Abbreviations: NL=Netherlands, UK=United Kingdom, t=tonne, org.=organic and conv.=conventional.  

Ref. Country Functional unit* Baseline system Other system/s/ Basis for data 
acquisition 

Peer 
reviewed 

Statistical 
quality 
presented 

Mollenhurst (2006) 
(a) 

NLD 1 kg of eggs at 
farm gate 

Conv. battery-cage system (BC), 
without outdoor run (no info on egg 
production).  

1. Deep-litter, without outdoor run (DL) 
2. Deep-litter, with outdoor run (DLO) 
3. Aviary system with outdoor run (AO) 

61 egg producers - 15 
BC, 13 DL, 14 DLO and 11 
AO. 

Yes. Yes. 

Williams et al.. 
(2006) 
(b) 

UK 20 000 eggs at 
farm gate 

Conv. 289 eggs/layer (66% in caged 
housing, 27% in barn, 7% free range) 

Org. free range; 262 eggs/layer.  Models based on 
statistics, expertise etc. 

No, but well 
documented. 

No. 

Williams et al. (2009) 
(c) 

UK 1 kg of eggs at 
farm gate 

Conv. caged. 295 eggs/layer. 1. Conv. Barn; 288 eggs/layer 
2. Conv. free range; 289 eggs/layer 
3. Org. 262 eggs/layer 

 No. No. 

*) Please note the different functional units used in the studies. 

 
Table 15. Results from studies comparing egg production systems. One of the systems in each study was chosen as the baseline, and the results of the other systems are given in relation 
to that baseline, as a percentage + or -. Note that comparisons are made within the studies only. Note also that there are different functional units (FU’s) used in different studies. 
Alternative units for environmental impacts are provided as footnotes. More information on the systems is provided in Table 14. 

Ref. System Land use Energy use Phosphorus 
use 

Pesticide use 
/Toxicity 

GHG 
emissions 

Eutrophying 
potential 

Acidifying 
Potential 

  m2/FU MJ/FU g/FU dose/ha/FU kg CO2-e/FU kg PO4-e/FU kg SO2/FU 

a Conventional battery-cage system, without outdoor run 4.5 1.3   3.9 0.25* 0.032 
 Deep-litter, without outdoor run 7% 3%   10% 24% 78% 
 Deep-litter, with outdoor run 27% 7%   18% 64% 100% 
 Aviary system with outdoor run 13% 5%   8% 40% 31% 

b Conventional  6 600 14 000 38** 7.8 5 500 77 310 
 Organic 120% 14% 13% -99% 27% 32% 12% 

c Conventional caged 3.0 8.4 7.2** 0.0014 1.5 0.012 0.028 
 Conventional barn 33% 0% 24% 21% 13% 17% 14% 
 Conventional free range 33% 1% 6% 29% 13% 25% 29% 
 Organic 130% 13% 81% -99% 20% 75% 32% 

*) kg NO3-e/FU 

**) kg Sb-e/FU (this unit indicates that more resources than P was included) 

 

 

 

 0-20% higher than baseline 

 >20 % higher than baseline 

 0-20% lower than baseline 

 >20 % lower than baseline 
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8. DISCUSSION 

In this chapter, the studies comparing production systems with different animal welfare 

potential is discussed further. Given that there is limited information about animal welfare in 

the analysed studies, one way of dealing with that limitation is to consider organic as an 

example of a system with a higher welfare potential when the environmental impacts from 

different animal production systems are discussed. One of the foundations of organic 

livestock production is the strong attention paid to animal welfare. Regulations in Europe, for 

example, dictate that most organic animals have access to pasture for at least some of their 

lives and have roughage for feeding. For dairy and beef, pasture-based systems, e.g. the New 

Zealand dairy model, or extensive beef production systems, can also be used as an example of 

a system with a higher welfare potential. For pigs and poultry, free-range systems, outdoor 

reared or deep-litter systems can be used as such examples.  

 

This report discusses to what extent different livestock products are investigated in 

environmental system analysis and concludes that while there are several studies done for 

dairy production, pork and poultry production are significantly less analysed. This survey of 

current research in environmental system analysis of animal production highlights that there 

are considerable knowledge gaps as important environmental impacts are excluded or occur in 

only a few studies.  

 

Based on the findings when comparing production systems and the analysis of the scope in 

environmental system analysis of livestock products, the report concludes with some 

suggestions for future research in the area. 

General outcomes of the comparison studies 

It is clear from this analysis that the lack of consistent methodologies, data and inclusion of 

the same environmental parameters within and between studies, makes it hard to find clear 

and consistent trends between the environmental performances of animal products from 

different farming systems. Data are particularly scarce for pigs and poultry.  

 

A consistent result from the studies comparing livestock production systems with additional 

animal welfare potentials with current standard production systems is that those with higher 

welfare require larger land areas, but use less pesticide. A higher land use per unit of product 

is due to land related factors (productivity per hectare of land) and the animal‟s feed 

conversion rate (unit of product per unit of feed input). Organic crop production often results 

in lower crop yield per hectare due to specific requirements in organic agriculture, such as use 

of crop rotation and no use of chemical fertilisers and pesticides. It must be emphasised that 

this is only true for the studies found, which are mostly from Western Europe and the 

industrialised world and which compare conventional and organic production. In addition, 

extensive grazing systems usually require more land compared to intensive systems using 

arable crops to feed animals. The second reason for higher land use in organic systems as in 

more extensive animal production systems is connected to the use of slower growing breeds, 

higher slaughter age and poorer food conversion rates of animals in these systems. 

 

For organic production the analyses generally show that the increased area is more 

pronounced for poultry: here the comparison studies show a doubling of land for organic 

systems with high animal welfare potentials and around 50% higher than for milk, beef and 

pig production. Yield levels of roughage fodder (clover/grass silage, pasture) are similar to 
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those in conventional agriculture. This is generally not the case for grain yields which are 

relatively lower in organic agriculture, which is one explanation why organic cattle 

production requires a smaller area increase (compared to conventional) than poultry 

production, in which grain is the dominant feed source. The omission of synthetic amino acids 

in organic pig and poultry production also contributes to a larger area demand, since these 

omissions lead to a larger requirement for protein crops in the feed ratio and thus, more area 

for growing these crops. 

 

Another consistent result in all studies comparing production systems with different animal 

welfare potentials is that organic production means significantly lower use of pesticides and 

thereby lower toxicity risk for humans and environment. The exclusion of pesticides in crop 

production is of course the obvious explanation for this constant result. As described earlier, 

present knowledge on veterinary medicine use and its effects on environment and human 

health is inadequate. Due to the standards in certified organic production aiming to keep 

medicine use at a low level, it is reasonable to assume that this form of production also means 

lower use of medicines than current standard production. However, use of medicines and their 

potential effects were not included in any of the studies found in this review. 

Dairy 

Dairy production is closely connected with beef. In the EU-27 almost half of beef production 

is derived from culled dairy cows: around 15% comes from dairy bull calves and 35% from 

cow-calf systems (Nguyen et al., 2010).  The dairy sector´s by-products are also important to 

the world‟s meat production:  around 57% of beef production and close to 13% of total global 

meat production originates from the dairy sector (Gerber et al., 2010). Consequently, any 

changes affecting dairy production systems to improve their environmental performance or 

animal welfare also have a significant impact for beef. 

 

In order to decrease the environmental impacts of dairy products, increased milk production 

per cow is often suggested as a suitable measure, mostly as a mitigation potential of GHG 

reductions. The idea behind this is that increased production dilutes the environmental impact 

of the maintenance of dairy cattle over more units of production (Capper et al., 2008). 

However, higher milk production per dairy cow will reduce the amount of beef produced per 

unit of milk, since fewer dairy cows will result in reduced production of dairy bull calves and 

less meat from culled dairy cows. Thus, an intensification of milk production per cow also has 

implications for meat production, possibly leading to more meat production from cow-calf 

systems which are production systems characterised by large land occupation and high GHG 

emissions per kg meat (Cederberg et al., 2011; Nguyen et al., 2010).  

 

The most common procedure in LCA/CF studies for distributing the environmental burden 

between milk and meat by-products is to use a fixed allocation factor reflecting an economic 

or physical relationship between milk and beef. This method was used in all milk studies 

reviewed for comparison of the environmental impact of systems with different animal 

welfare potentials.  Flysjö et al. (2012) analysed two different milk production systems in 

Sweden (high-yielding conventional and organic) to investigate whether an increased milk 

yield per cow actually reduces milk´s CF in the dairy system in the industrialised world.  

When a fixed allocation factor (e.g. based on the economic value for milk versus meat) is 

used, the CF is somewhat lower for the high yielding conventional system, but when applying 

system expansion, the CF is somewhat lower for the organic system (which has a lower milk 

yield per cow, but more meat production per kg milk). Thus, it is not clear that an increase in 

milk yield per cow will lead to a reduction in GHG emissions per kg milk when applying a 
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whole system approach by expanding the dairy LCA to include the avoided burden of meat 

production in an alternative system (i.e. beef from cow-calf systems). Similar results have 

also been presented by Zehetmeier & Hoffman (2010) and Weidema et al. (2008). Thus, 

intensifying milk production does not necessarily reduce the CF per kg milk when the 

alternative production of the meat co-product is accounted for. Whether intensification of 

milk production is desirable from an environmental point of view also depends on future beef 

consumption. If there is a stable or growing consumption of beef, it is highly questionable if it 

is rational with on-going increasing milk yield per cow in industrialised countries since the 

reduction of beef co-products will be replaced by beef from cow-calf systems. 

 

The predominant dairy system in industrialised countries can be classified as high input/high 

output. According to EFSA (2009), breeding strategies for dairy cows that focus solely on 

higher milk yields have had detrimental impacts in terms of increased occurrence of mastitis, 

lameness and metabolic disease with negative impacts on the welfare of dairy cows. Due to 

the genetic linkage between genetic prerequisites for high milk yields and disposition for the 

health problems mentioned, further development in the same direction in industrialised 

countries is questionable from an animal welfare perspective.  

 

Dairy systems with higher animal welfare (in this review defined as predominantly organic 

production) score similar or better with regard to GHG emissions and use of pesticides and 

phosphorus than conventional production systems in the studies reviewed here with the 

exception of the LCA study from the UK (Williams, 2006). One explanation for the 

discrepancy can be that the UK study is based on modelling production systems while most of 

the other LCA studies are based on data collection from dairy farms. The studies based on 

data from commercial farms include large variability across farms and this variation might be 

difficult to account for when assessing the environmental impacts by looking only at 

modelled farming systems. 

 

There is a large variation in results for eutrophication and acidification potential, and on the 

basis of the studies considered, it is not clear if organic or conventional milk production have 

the lowest potential emissions. There are large variations in manure management and in soils 

(which affect the leaching tendency) within the systems, which could explain some of the 

differences. However, there are also differences between the studies in how emissions are 

modelled and calculated, and the emission factors used.  

 

The major environmental drawback for organic dairy production, shown in all studies, is the 

higher land use needed for producing one unit of milk. Many of the reviewed studies reveal at 

least 50% higher yearly land occupation. This impact is, however, not primarily a 

consequence of higher animal welfare but mostly due to the exclusion of synthetic fertiliser 

and pesticides in organic certification schemes leading to lower crop production per hectare. 

High intake of pasture and long grazing time are beneficial for the health and welfare of dairy 

cows and can be found in conventional as well as organic systems. However, the process of 

farm specialisation in the dairy industry in the Northern hemisphere poses many challenges to 

animal welfare in conventional dairy production. Taking Denmark as an example, dairy herd 

size has grown rapidly due to specialisation and doubled between 2001 and 2009. In a larger 

herd, the cows often spend less time on pasture. Recent research shows that mortality is lower 

in summer grazing dairy herds compared to zero-grazing herds, the more time the cows spend 

on pasture, the lower the mortality (Burow et al., 2011).  
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The Joint Research Centre (JRC) of the European Commission has recently finished an 

evaluation of the livestock sector´s contribution to the EU GHG emissions (Leip et al., 2010). 

According to this study, the CF of milk varies from 1 to 2.7 kg CO2e per kg milk: levels in 

longer-term EU members (western EU countries) are between 1 and 1.4 kg CO2e per kg milk 

and in new EU member states (generally) they are above 1.5 kg CO2e/kg milk. These figures 

strongly accord with the LCA/CF results used in this report to compare systems with different 

animal welfare potentials in milk production (Table 6). This supports the conclusion that the 

climate impacts of milk in industrialised countries is well documented via LCA/CF studies. 

Beef 

There are fewer studies published for beef compared to the dairy sector and the scope of 

published studies is not as wide as those for the milk studies. This is a problem when 

comparing different systems, since in the industrialised world there is a larger variation in 

production systems for beef than for milk. Relatively more beef studies are based on modelled 

systems, i.e. using data which were not collected from commercial farms. Generally, the beef 

results are more difficult to interpret than those for dairy, since the functional unit differs and 

it is not always made clear in the studies whether the animals bred are dairy bull calves or 

come from a suckler herd. As discussed previously, the interaction between milk and beef 

production is very important: how the allocation between milk and surplus dairy bull calves is 

made has an impact on both milk and beef LCA results.  

 

The beef studies generally show higher GHG emissions (approximately 0-20%) for systems 

with higher animal welfare potential. This is probably due to the higher slaughter ages (and 

more methane emissions per kg meat). Nutrient-related eutrophication and acidification 

potentials are considerably higher for systems with higher animal welfare potential, which 

probably is an effect of higher slaughter ages (more manure produced per animal) and larger 

land areas needed. Although the nitrate leaching per hectare in more extensive systems is 

lower, the considerably higher land area used per kg of product results in high eutrophication 

potential in LCA/CF studies. It would be useful to have information on area-based leaching 

potential in different systems but this was seldom included in the reviewed studies. 

 

Nguyen et al.(2010) looked at four European modelled beef systems. The systems with the 

lowest environmental impact are two stable-based systems (no access to pasture) where dairy 

bull calves are slaughtered at a young age, and fed only with high-quality feed (mostly maize 

silage, grain and soybeans from cropland). It is questionable at this point whether feeding 

cattle with feed derived from arable crops is the most sensible way of using cropland, 

although the beef produced has a lower environmental impact than beef from more extensive 

grazing systems. If corresponding grain and soy feed products had been used in pork or 

poultry production, more meat would had been produced per kg of feed and methane 

emissions from enteric fermentation of ruminants would have been  avoided; resulting in a 

meat product with a lower carbon footprint. Another option would be to use the cropland for 

growing more plant-based products which could replace some meat in European diets since 

consumption levels in many countries are above suggested guidelines.  

 

In Europe the grazing of semi-natural grasslands is of great importance to biodiversity. In 

order to maintain these habitats, beef production should be geared towards extensive grazing 

systems. These areas are often marginal lands in terms of potential arable cropping (e.g. 

uplands and hilly forests) and the alternative options for use are low. Cattle production on 

marginal land means high land use per kg of meat produced as well as a slow growth rate, and 

consequently more methane is emitted through enteric fermentation, which increases the 
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carbon footprint of the beef. Due to the limited area of semi-natural grasslands and other 

marginal land as well as the long term target of reducing GHG emissions, this implies that 

beef production and consumption must be reduced since a considerable share of current EU 

beef production is indoor production using grain and concentrates. 

Pigs and poultry 

The reviewed LCA/CF pig papers are dominated by modelled studies: surprisingly few are 

based on data inventories from commercial farms. Differences between pig production 

systems with different animal welfare potentials vary between studies and analysed impact 

categories and it is difficult to draw clear conclusions based on the results: only land 

occupation is consistently higher for systems with better animal welfare potential. The diverse 

results imply that there is need for more environmental analyses of different pig production 

systems to have a clearer picture of potential environmental problems. 

 

Leip et al. (2010) calculated average CF for EU-27 pork at 4.4 kg CO2e per kg CW (not 

including LULUC which is not included in any of the reviewed studies on pig production) 

and this is of the same magnitude as the studies in the comparison, ranging between 3.1 – 6.8 

kg CO2e per kg CW. However, variations in the CF of pig production between member states 

and regions in the EU are significant, according to Leip and colleagues.  

 

Only a small number of studies are published comparing poultry meat and egg production 

systems with different animal welfare potential. Similar to pig, land use is the most important 

difference and production systems with higher animal welfare potential also have 

significantly larger land use. 

Environmental assessments of global livestock production systems 

In 2007, global meat production was close to 280 Mton (approximately 40 kg meat per person 

as a global average), of which pig meat production dominates, with around 40% of total 

supply followed by poultry, representing around 30% (Figure 10). For the past 20 years, 

production from monogastric animals has expanded much faster than from ruminants (as seen 

in Figure 10). Milk production increased by about 45 % between 1987 and 2007, which was a 

smaller growth rate than for pig and poultry (FAO, 2009). 
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Figure 10. Global production of meat and eggs, 1987 and 2007 (FAO 2009). 

 

FAO classifies the world livestock production systems based on the livestock´s interaction 

with crops and relation to land. The three main systems are: grazing, mixed farming and 

industrial (landless) systems (Seré and Steinfeld, 1996). In Table 16, the distribution of 

livestock products in these three systems is presented (average for the years 2001-2003). The 

world poultry production (eggs and chicken) is dominated by industrial systems, and for the 

pig industry roughly half of total production is in this system. The growth in production of pig 

and poultry meat is almost predominantly in industrial (landless) systems; between 1991/93 

and 2001/03, industrial pigmeat and egg production grew by 3 and 4% by year while poultry 

meat grew by 2-10% per year, with differences across regions. Production growth is 

especially accentuated in Asia (Steinfeld et al., 2006). 

 
Table 16. Distribution (%) of global animal production (average 2001-2003) in three main livestock production systems. 

 Industrial (Landless) 

APR 
Mixed APR Grassland-based APR 

Feed supply >90% of feed from other 

farms 
From farm at 

relatively large 

extent 

>90% grass based, mostly 

pasture 

Interaction feed prod 

and land resource 
Small Medium to high High 

% global production    

Milk  ~90 ~10 

Beef ~5 70 ~25 
Mutton <1 ~67 ~33 
Pork ~55 ~45  

Poultry 70 – 75 25 – 30  

Egg ~60 ~40  

Dominating regions Coastal regions N 

America &  Europe, east 

Asia 

Europe, N 

America, north 

east Asia 

S America, New Zealand, 

east Australia, east Africa 

Source: Steinfeld et al., 2006 

 

World milk production is predominantly taking place in mixed farming systems where crops 

and livestock are integrated on the same farm to a relatively large extent. In the developed 
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world, mixed animal farms can have significant nutrient surplus in cases when there is a 

relatively large import of feed to the farm (de Haan et al., 1997). Grassland-based systems 

provide a minor share of world´s milk, beef and mutton supply but are important in some 

regions of the world. For example, milk production in New Zealand (an important player in 

global dairy trade) is almost exclusively based on a pasture system with high production per 

hectare. Beef production in Brazil (the world´s largest beef exporter) also rely to a high 

degree on a pasture system, however this system has low production per hectare (Cederberg et 

al., 2011).  

 

Thirty published environmental system analyses of milk production were identified, all 

investigating mixed farming systems, with the exception of the studies from New Zealand that 

analyse a pasture-based system. Nine papers compared the environmental impact of different 

production systems. The majority of studies come from northern and Western Europe and 

include production systems with different environmental and animal welfare potential. This is 

predominantly achieved through comparing conventional and organic milk production. The 

results of GHG emissions from northern and Western European milk studies are in strong 

accord with FAO´s estimate of GHG emissions from global milk production (disaggregated in 

different regions) (Gerber et al., 2010). This report concludes that there is an adequate 

literature base on the climate impact from milk production systems with different animal 

welfare potential in industrialised countries. Future studies need to focus more on the 

interaction with the beef sector to avoid sub-optimal solutions such as increasing the milk 

yield in already high-yielding dairy systems which can lead to lowered animal welfare and 

increased environmental impact due to more beef production in cow-calf systems. There is a 

need for more extended studies based on data from real commercial farms as opposed to 

modelled data when searching for future solutions combining environmental concern and 

animal welfare. 

 

In comparison with milk, there are fewer environmental systems analyses of pig and poultry 

and not many including different animal welfare standards. The pork studies are mainly 

European reports in which feed grain is cultivated close to pig farms or on the farms, i.e. 

mostly mixed pig farming systems. Thus, the prevalent industrial pig production, where 

animal and feed production is geographically separated, is not sufficiently analysed. This is 

also the case for chicken meat and eggs. Concerning the importance of the industrial 

production system for global meat production and predictions of growth of this production 

system, there is an obvious need for more analyses, preferably based on data collected from 

commercial production sites, to have a better picture of the product-based environmental 

impact of meat and eggs in industrial production. 

Environmental impacts covered in studies 

The strong focus on climate change in recent years is reflected in the results from this review 

of LCA/CF studies of animal production: GHG emissions are included in all studies and in 

many studies (CF studies) climate change is the only impact investigated. In addition nutrient-

related impacts, eutrophication and acidification are accounted for in many reports/papers. 

Land-use related effects are generally poorly investigated (land is generally quantified as 

yearly occupation area) while biodiversity impacts are scarcely included in LCA/CF studies 

of meat, milk and eggs. Toxicity assessments, looking at the use of chemicals in the animal 

food production chain (principally pesticides in crop production, and medicines in animal 

production) are seldom carried out (Table 17). 
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Table 17. Occurrence of impacts in LCA/CF studies of animal production. 

Impact Always Often Seldom Never 

Energy  x   

Land, quantity  x   

Land, quality    x 

Biodiversity   x  

P - resource   x  

Climate change, not LUC x    

Climate change, incl LUC   x  

Eutrophication  x   

Acidification  x   

Toxicity assessment   x  

 - pesticide use   x  

 - medicine use    x 

 

This bias towards a limited number of environmental impacts in current research work is a 

result of public interest, data accessibility and available methodology. The great interest of the 

public and businesses in climate change over recent years has pushed forward the 

development of methodology (for example PAS 2050, current ISO-standard work on CF 

accounting) and research funds have been directed towards studies of GHG emissions and 

mitigation potentials. Data availability also influences what impacts can be studied: GHG 

emissions can be collected fairly simply in national inventories and through LCA databases, 

while data on biodiversity indicators, pollution from pesticides and changes in soil fertility are 

much more difficult to access. Finally, the lack of consensus on methodology, for example for 

estimating carbon sequestration in grasslands, is an important reason why this aspect is not 

generally included in LCA/CF studies. Obviously, there is a significant risk of sub-optimal 

solutions when exploring and formulating future sustainable livestock systems when the 

knowledge of environmental impacts is limited and other impacts such as animal welfare are 

only occasionally included and assessed.  

 

From a scientific perspective, how adequately are the most urgent environmental problems 

covered in current LCA/CF studies? Rockstrom et al. (2009) have proposed sustainability 

boundary conditions (so-called “planetary boundaries”) defined as a safe operating space for 

economic activities at a global scale. These researchers identify nine planetary boundaries
13

 

and estimate that humanity has already transgressed a sustainable critical threshold for three 

of them, namely climate change, biodiversity loss and changes to the nitrogen cycle.  In 

addition to these three, Carpenter and Bennet (2011) suggest that changes to the phosphorus 

cycle have also reached a boundary since discharges far exceed freshwater tolerance due to 

large losses from agriculture at the same time as there is an uneven distribution of phosphorus 

in agriculture.  

 

Based on Rockstrom et al.´s (2009) suggestions on urgency in global environmental change, 

it can be concluded that current LCA/CF studies on environmental impact from global animal 

production do not give the whole picture. Climate change is well covered, although carbon 

dioxide emissions caused by land use and land use change have only started to be included in 

the last two years and there is still no consensual methodology, for example for estimating 

                                                 
13

 Climate change, ocean acidification, stratospheric ozone, biogeochemical N and P cycle, global freshwater 
use, land system change, loss of biological diversity, chemical pollution and atmospheric aerosol loading. 
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carbon sequestration in grasslands. The nitrogen problem is accounted for in the 

eutrophication and acidification impact categories, but here impact assessment needs to be 

more site- and area-dependent and the efficiency of new input of N in fertilisers and 

leguminous produce needs to be better analysed on a whole system level, including animal, 

manure and feed-crop cultivation. Phosphorus is the most important non-renewable resource 

for the food sector, and this sector is responsible almost exclusively for human interference in 

the phosphorus cycle. Despite this, phosphorus as an input-resource is seldom included in 

LCA-studies of animal products and this despite the fact that livestock manure is a large pool 

in the phosphorus cycle. Finally, loss of biodiversity is one of three planetary sustainability 

boundaries that Rockström et al. (2009) argue has already reached a critical threshold and, as 

seen, this impact is excluded in almost all LCA/CF studies of animal products.  

Need for future research 

More research is needed on the interaction between milk and beef and how to make best use 

of the two sectors when developing production systems with low environmental impact and 

high animal welfare. An interesting scenario to analyse is the development of a dual-purpose 

dairy system, aimed at meat production, at the expense of cow-calf systems which require 

large land areas and generate meat with very high carbon footprints. Such dairy systems 

would not require as much feed concentrate since milk yield per cow would be somewhat 

lower than it is today in industrialised countries, dairy cows would be less pressed since the 

milk yield per cow is lower and the surplus calves could be used for beef production on semi-

natural grasslands. Such a change in and organisation of the milk and beef sector in Europe 

would however probably result lower beef production in Europe compared with current 

levels. 

 

More complete LCA-studies of industrial production of pigs and poultry are needed. Such 

analyses should be based on data from real production units, including the developing world 

where this production system is growing rapidly. The impacts need to be scaled up regionally 

and globally. For example, there are diverse data on the quantity of phosphorus in manure that 

is recycled back to cropland as fertiliser and it is important to understand the role of recycling 

this important resource in different production systems. 

 

The strong focus on climate change in recent years has been an important driving force for the 

development of consensus around methods of calculating CFs of products. There is an urgent 

need for a similar development of agreed methods which include biodiversity impact and 

animal welfare issues, to increase information on sustainability in animal production systems. 

The issue of land use and land use change is very important but in this area, there is already 

quite extensive research to develop mutual models and methodology.  

 

The growing use of veterinary medicines over the last 30 years accompanied by growing 

problems of the development of resistant bacterial strains and pollution from the release of 

medicines into the environment make the use of medicines in animal production an important 

area of research. 

  

More research is also needed on methods to reduce losses in animal production, which have 

an impact on both the environment and animal welfare. A recent FAO study estimates total 

waste and losses in the entire meat supply chain (from agricultural production to final 

consumption) at around 20% in the industrialised world, with more than half of the losses at 

the consumer stage. Losses in the entire dairy products chain are around 10% in Europe and 

20% in North America. Dairy cow mastitis is the most important animal disease in 
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industrialised countries, resulting in waste of milk in the dairy supply chain of around 3-4% 

(Gustavsson et al., 2011).  

Final remarks  

From an environmental point of view, sustainable animal production means efficient use of 

finite resources such as land and phosphorus, low emissions of reactive nitrogen, phosphorus 

and GHGs, and low toxicity risks caused by use of chemicals, particularly veterinary 

medicines and pesticides in feed cultivation. A major challenge is to identify the synergies 

between these environmental aspects and economic and social aspects - including animal 

welfare - in order to improve the sustainability of current animal production. Animal welfare 

is more than a social value-based question. It is important also for environmental and 

economic sustainability. For example, high livestock mortality means suffering animals, 

economic and environmental losses in the animal food chain, and reduced food security, 

especially in developing countries. However, we do not have a complete picture of what 

characterises sustainable animal production systems. There are no established methods that 

combine animal welfare and environmental aspects of animal production. Today‟s 

predominant livestock production systems– industrial pig and poultry production, particularly 

in developing countries and emerging economies - are yet to be analysed in LCA studies.  

 

The production phase is only one side of the coin of sustainable food. We need to address the 

consumption of meat, milk and eggs as well, and gain a better understanding of what we 

actually mean by “sustainable consumption levels” of meat and milk given the biophysical 

limits of the planet and the rapid growth of the livestock sector.  

 

There is no single solution for sustainable animal production, but there is a great need to 

explore and combine more sustainability aspects of animal production and to adjust 

production systems and sustainability criteria to local conditions.    
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Appendix 1. Studies on the environmental impact of milk, meat and egg production 

Table A. Studies found on the environmental impact of milk production; system studied, region studied and the environmental impacts included. 

Study Studied system Country 
Resources 

EU PE 
Emission imp. 

BD AWF 
Peer- 
rev. P LU GHG EP AP 

Arsenault et al.. (2009) pasture-based & confinement-based CA        

Barber (2010) conv. and org. NZ          

Bartl et al.. (2011) highland and coastal system PE         

Basset-Mens et al.. (2009) conv. NZ         

Benbrook et al.. (2010) conv. and org. US          

de Boer (2003) conv. and org. review        

Capper et al.. (2009) 1944 compared with 2007 US          

Casey & Holden (2005) an average dairy unit IE          

Castanheira et al.. (2010) typical dairy farm PT         

Cederberg & Flysjö (2004) conv. (two) and org. SE        

Cederberg & Mattsson (2000) conv. and org. SE        

Cederberg & Stadig (2003) org. SE        

Cederberg et al.. (2007) conv. and org. SE        

Cederberg et al.. (2009b) top down SE          

Chen et al.. (2005) limited irrigation pastures AU        

de Vries & de Boer (2010)  review         

Flysjö (2011) housing system vs. grazing system SE/NZ          

Gerber et al.. (2010)  global          

Haas et al.. (2001) intensive, extensified and org. DE       

Hospido et al.. (2003) conv. ES         

Hörtenhuber et al.. (2010) 8 production systems AT          

Kristenssen (2011) conv. and org. DK          

Leip et al.. (2010)   EU27          
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Ogino et al.. (2008) conv. and whole-crop rice silage JP         

Thomassen et al.. (2008) conv. NL         

Thomassen et al.. (2008) conv. and org. NL         

Thomassen et al.. (2009) specialized conv. dairy farms NL         

Weidema et al.. (2008) meat and dairy products EU        

van der Werf et al.. (2009) conv. and org. FR        

Williams et al.. (2006) four systems UK        

 

Abbreviations: P=Phosphorus; LU=Land use; EU=Energy use; PE=Assessment of Pesticides; GHG=Greenhouse gas emissions; 

EP=Eutrophication; AP=Acidification; BD=Biodiversity; AWF=Animal welfare; Peer-rev.=Peer reviewed  
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Table B. Studies found on the environmental impact of beef production; system studied, region studied and the environmental impacts included. 

Study Studied system Country 
Resources 

EU PE 
Emission imp. 

BD AWF 
Peer- 
rev. P LU GHG EP AP 

Casey & Holden (2006a)  average IE          

Casey & Holden (2006b)  5 conv., 5 env. scheme, 5 org. IE          

Cederberg & Darelius (2002) conv., dairy calves SE         

Cederberg & Nilsson (2004a) org. beef, ranch SE         

Cederberg et al.. (2009a) Bra. beef exported to EU BR          

Cederberg et al.. (2009b) top down SE          

Cederberg et al.. (2011) Bra. beef incl. LUC BR          

Chassot et al.. (2005)  ext. and int. fattening CH        

CRA (2010) yearling-fed and calf-fed systems US         

de Vries & de Boer (2010)  review         

Koneswaran & Nierenberg (2008)  review          

Leip et al.. (2010)  EU27          

Nguyen et al.. (2010)  3 intensive and one suckler herds EU         

Nunez et al.. (2005) conv. ES        

Ogino et al.. (2004) beef-fattening system JP         

Ogino et al.. (2007) a beef cow-calf system JP         

Pelletier et al.. (2010) three beef prod. strategies US         

Peters et al. (2010)  3 red meat production systems AU          

Scollan et al.. (2010)  review          

Vergé et al.. (2008) Can. beef industry, 1981 vs. 2001 CA          

Williams et al.. (2006) four systems UK        

 

Abbreviations: P=Phosphorus; LU=Land use; EU=Energy use; PE=Assessment of Pesticides; GHG=Greenhouse gas emissions; 

EP=Eutrophication; AP=Acidification; BD=Biodiversity; AWF=Animal welfare; Peer-rev.=Peer reviewed  
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Table C. Studies found on the environmental impact of pork production; system studied, region studied and the environmental impacts included. 

Study Studied system Country 
Resources 

EU PE 
Emission imp. 

BD AWF 
Peer- 
rev. P LU GHG EP AP 

Basset-Mens & Werf (2005) conv., red label and org. FR       

Carlsson et al.. (2009a)  org. SE       

Cederberg & Darelius (2001) conv. pig production SE       

Cederberg & Nilsson (2004b) org. SE       

Cederberg et al.. (2005) 2 scenarios for future feed SE       

Cederberg et al.. (2009b) top down SE          

Dalgaard et al.. (2007) Danish pork DK        

Dalgaard et al.. (2008) conv. DK        

de Vries & de Boer (2010)  review       

Halberg et al.. (2010) 3 org. systems DK        

Kleanthous (2009) review UK        

Leip et al.. (2010) 0 EU27          

Nguyen et al.. (2011) typical prod. vs. high technical efficiency DK       

Nunez et al.. (2005) conv. ES       

Pelletier (2007) 5 scenarios CA          

Stern et al.. (2005) 3 scenarios SE       

Weidemann et al.. (2010) conv. housing and deep-litter sheds AU         

Williams et al.. (2006) four systems UK       

Zhu & van Ierland (2004) pork chain vs. Novel Protein Foods NL        

 

Abbreviations: P=Phosphorus; LU=Land use; EU=Energy use; PE=Assessment of Pesticides; GHG=Greenhouse gas emissions; 

EP=Eutrophication; AP=Acidification; BD=Biodiversity; AWF=Animal welfare; Peer-rev.=Peer reviewed  
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Table D. Studies found on the environmental impact of chicken and egg production; system studied, region studied and the environmental impacts included. 

Study Studied system Country 
Resources 

EU PE 
Emission imp. 

BD AWF 
Peer- 
rev. P LU GHG EP AP 

Chicken             

Boggia (2010) conv., org., org.-plus IT        

Cederberg et al.. (2009b) top down SE          

de Vries & de Boer (2010)  review        

Ellingsen & Aanondsen (2006)  NO         

Katajajuuri (2007) conv. FI        

Leip et al.. (2010)  EU27          

Pelletier (2008) conv. US        

Williams et al.. (2006) conv. and free range UK        

Williams et al.. (2009) three systems UK        

Egg            

Carlsson et al.. (2009b) org. SE        

de Vries & de Boer (2010)  review        

Dekker et al.. (2008) org. NL        

Leip et al.. (2010)  EU27          

Mollenhurst (2006) four systems NL        

Sonesson et al.. (2008) free-range and cages  SE        

Williams et al.. (2006) three systems UK        

Williams et al.. (2009) caged, barn, free range, org. UK        

 

Abbreviations: P=Phosphorus; LU=Land use; EU=Energy use; PE=Assessment of Pesticides; GHG=Greenhouse gas emissions; 

EP=Eutrophication; AP=Acidification; BD=Biodiversity; AWF=Animal welfare; Peer-rev.=Peer reviewed  
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